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DEPARTMENT OF THE N AVY
NAVAL WEAPONS CENTER

CHINA LAAE -- A~I))FONIA IN REPtLY EFIE$ TO

Thank you for your interest in soldering technology, and your
attendance at this seminar.

It is vital that we maintain a continued interest and attempt -"

to resolve our many production problems prior to adverse effects
on fleet hardware. It is necessary that we design for ease of
manufacturing and it is necessary that we eliminate the unjustified
amounts of touch-up that is going on throughout industry today.
The only way that this can be done is to understand our many problems
and admit that they are there, then do something to eliminate them -

corrective measures.

These proceedings are published for your infornation and do notnecessarily reflect the views of the Naval Weapons Center or the

Government.

Thank you for your attendance.

P
-SJ~Mi D. AY

head, Soldering Technology Branch
Code 3681

S.4
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TECHNICAL DEVICES COMPANY
11 2 50 Playa Court Culver City, Calif. 90230

(213) 870-3751

ABSTRACT - A New Soldering Machine

I Brief histroy of Technical Devices Company for those not familiar with
our capabilities and experience in the field of equipment for the
electronics industry.

II Consumer Research Study of industry needs, wants and future requirement
for automatic soldering of PCB's.

III Machine design program Inaugurated.
Project Goals:
I. Improved variable width solder wave to automatically conform

to the printed circuit board width.

2, Automatic control of solder wave height as related to PCB.

3. Elimination of manual adjustments through servo systems
and motorized drives as practical.

4. Servo control of rails and holding fingers for uniform clamp-

ing pressure.

5. Automatic variable width of preheater elements to conform

with width of PCB.

6. Automatic control of foam flux wave width.

7. Develop high rel logic processor for coordinated control of
all systems.

8. Incorporate energy-efficient methods for all sub systems.

9. Provide ease of maintenance, and accessibility to all functions
for service and cleaning.

!I Resulting achievements of design goals and other system improvements

as provided by the new Mark TV Wave Soldering system.

Subsidiary of BANNER INDUSTRIES, INC.
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7*ft TECHNICAL DEVICES COMPANY

IN ODUCION

For those not familiar with Technical Devices Company we give

a brief history of the company. We are a manufacturer of production

equipment for the electronics industry and a subsidiary of Banner

Industries, Inc., a diversified New York Stock Exchange corporation

headquartered in Cleveland, Ohio. Technical Devices Company has

been involved in the design and development of such equipment since

its inception in 1952, thirty years ago. The company started as an

engineering R and D operation, and, as a result of certain engineer-

ing studies, the need for improved production equipment for the

industry became evident. This resulted in the development of our

current product lines such as:

I. The MARK V Component Lead Former - a result of a reliability
study for Autonetics. The MARK V eliminated Autonetics'
problem of damaged components during the cutting and forming
process and was the only machine authorized for the Minute
Man program.

2. The MARK I - Models B and C Wave Soldering Machines.

3. The MARK II Semi-Automatic Wire Cutter & Stripper Machine.

4. The MARK III Circuit Card Fixture and other products.

Technical Devices Company also engineered and developed the original

PERT System of automatic component insertion machines. This was the

first variable span equipment and the first of the sequencing machines.

The PERT System was later sold to United Shoe Machinery Corporation,

now the DYNA/PERT machine group of Emhart.

P-4



TECHNICAL DEVICES COMPANY

This paper will introduce our new MARK IV Wave Soldering

System with its unique and innovative features. Prior to design

and development of this new system a consumer research study was _

made to determine the needs, wants and future requirements for the

automatic soldering of printed circuit cards. The study consisted

of polling users of all makes of soldering machines, the sales

representatives and visitors at NEPCON and other trade shows and

seminars. As a result of this study, we established the follow-

ing project design criteria and specifications:

1. Improved variable width solder wave to automatically
conform to the printed circuit board width,

2. Automatic control of solder wave height as related to
the printed circuit board.

3. Elimination of manual adjustments through servo systems
and motorized drives.

4. Servo control of rails and holding fingers for uniform
clamping pressure.

5. Automatic variable width of active preheater elements to
conform with the width of the printed circuit card for
energy savings.

6. Automatic control of the foam flux wave width.

7. Development of a high reliability logic processor for
coordinated control of all systems.

8. Incorporation of energy-efficient methods for all systems.

9. Provision for ease of maintenance and accessibility to
all functions for service and cleaning.

Three years of design and development have resulted in our

new MARK IV, a sixteen inch (16"), palletless wave soldering

system, which we would now like to describe:

2
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TECHNICAL DEVICES COMPANY % %

SOLDER WAVE GENERATOR SYSTEM

To develop an automatic soldering system consistent with our

design criteria, it was necessary to first design and develop a -tot

new and improvee generator and control Our

new system, designated in our patent application as "Adjustably

Dimensioned Uniformly Distributed Solder Wave Apparatus", features

an automatically controlled variable wave width, i.e., transverse

to the direction of the circuit card transport, that automatically

conforms to the. width of the board being processed. The pumped

height of the wave is electronically controlled to insure the

optimum interface between the bottom of the circuit board and the

solder wave.

Prior to this invention, the problem of redirecting a horizon-

tal flowing stream of solder to a controlled and uniform vertical

flow direction had necessitated the usual screens, baffles, tor-

tuous flow paths and other flow impedances. Our requirements for

a variable wave width further complicated the then conmmon solutions.

As a result, we developed a new and innovative solution, which we

believe to be a significant advance in the state of the art.

In this new design (Fig.l) a FM DER .,

horizontal flow of solder

from a cencrifucal pump

moves up an inclined dis-

tribution ramp where the

vanes form the vertical ;.PA 'P

chambers.
F NCU(1CO Db flOr1N RAMP

:3

* .* * .

. *. ..- ..-

2 .. ,.. - % . - - -- - - -- * .- . *. . . . . . . .



TECHNICAL DEVICES COMPANY

SOLDER WAVE GENERATOR SYSTEM (continued)

Each vane picks up equal amounts of solder of equal kinetic energy W-

and redirects it to vertical flow. This flow arrangement insures

equality of the emerging solder from each flow chamber and the

- Iuniformity along the entire width of the total wave being pumped.

Needless to say, the height and width of these flow chambers are

critical to the design of a uniform and laminar (non-turbulent)

* 'solder wave. To assure equal flow and kinetic energy in each of

the vertical flow chambers, a greater velocity of solder flowing in

the inclined distribution ramp is required than would be needed or

desired in the open solder wave. (Fig. 2) To

reduce this velocity and to shape the
SUM WJE

wave (in the dire:tion of the card travel)

the vertical flow chambers are upwardly

expanded. Approximately 757. of the

solder flows towards the upcoming cir-

cuit card with approximately 25. flow- VEKTICAL

ing from the opposite side of the solder
* 

INCLLNEDduct which produces an excellent peel DI t G AW7

back effect to minimize bridging and FI 2 -

icicling. The wave form produced by this

design is best suited to a fixed-angle conveyor. To vary the width

*- of the wave (Fig.l) to accommodate different circuit board sizes, a

sliding valve moves across the tops of the vertical flow chamber to

seal off those chambers covered by the valve plate.

4 I'~ .



TECHNICAL DEVICES COMPANY

SOLDER WAVE GENERATOR SYSTEM (continued) b

All, or substantially all, of the flow is blocked in those covered

chambers, thereby diverting the flow in the inclined distribution

ramp to those chambers whose outlets are open. Zhe solder is

'I pumped by a centrifugal impeller which is powered and directly

connected to a high torque, low speed DC servo motor fabricated

to our specifications. Since the height of the solder wave is a

product of the motor speed, an electronic wave height (Fig. 3)

"M HUGT WEOR.- sensor and amplifier con-

trols the motor speed to

maintain the wave height in

relation to the sensor posi-

tion. The sensor is fixed

to the conveyor rail in a

FIG 3 .SL o
SOLDE ~UI direct relation to the

circuit board. Should longer lead lenghts or other protrusions

below the card require the rails to be raised, the solder wave

height would also increase and the relation or interface of the

circuit board and solder wave would remain the same. The directly

coupled motor also eliminates belts, pulleys, counter shafts and

bearings and their maintenance.

The wave generator system is mounted on a well insulated

solder pot heated by six 1100 watt heating elements. For optimum

thermal transfer, the heating elements are inserted in straight

tubular sheaths extending inside and through the solder area.

5



TECHNICAL DEVICES COMPANY

SOLDER WAVE GENERATOR SYSTEM (continued)

The elements may be withdrawn when solder is either solid or

[II liquid. Solder temperatures up to 6000F are accurately main-

tained by a zero crossing, proportional, 3-phase controller with

heavy duty triacs. The desired temperature is set by a control

knob on the instrument panel and the actual temperature is dis-

played by a digital panel instrument. A solder level panel light I

indicates the need to add solder. A drain valve is integral with

* the pot for removing solder. A seven-day skip timer automatically,

at selected times, turns the solder pot heat off during non-use

periods, and on prior to expected use, to assure maximum up time.

The solder pot holds approximately 560 pounds of solder, and it

is mounted on rails with a motor drive to smoothly move the entire

solder wave generator assembly to the rear of the machine for easy

cleaning and service.

THE CONVEYOR SUB-SYSTEM

The conveyor transports the printed circuit card assemblies

over the foam fluxer, the hot air knife, the preheater and the

solder wave at a fixed incline of 40 to achieve the optimum rela-

tionship with the solder wave shape. Our design criteria dictated

that major improvements be made over conventional conveyor design

resulting in a unique system that features:

6
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TECHNICAL DEVICES COMPANY

THE CONVEYOR SUB-SYSTEM (continued)

1. Conveyor rails, constructed of stainless steel, designed
to provide high torsional and bending stiffness. Servo
control of conveyor width and predetermined card gripp-
ing tension to provide fast and accurate setup, reduction
of board warpage and damage due to excess finger pressure,
elimination of hand cranking and guessing as to gripping
tension.

2. Closely spaced (Fig.4) quick change titanium transport

IQ

SCREW CHANqMD

F .. Y-

fingers contact the card edges along 50% of the length on
both sides (1/4" grip length, 1/4" air repetitiously).
Two screws secure each pair of titanium fingers for quick
change (no rivets).

3. The conveyor transport has an infinitely variable speed
range from 0-15 feet per minute and is driven by an SCR
controlled permanent magnet motor. Speed is displayed
on the control panel by a digital panel indicator.
Drive is through two synchronized universal joint shafts
to eliminate the problem of linear sliding motion through
keyed or splined drive bushings with their tendency to
gum up and stick.

4. Conveyor height over the solder wave is adjustable to
accommodate different lengths of lead protrusions below
the circuit board. This function is controlled electri-
cally from the instrument panel. A panel indicator shows
the clearance for protrusions under the circuit board.
This feature eliminates the necessity of pumping an ex-
cessively high wave when not required, thereby reducing
the amount of dross generated, and extra heating energy
used.

7
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TECHNICAL DEVICES COMPANY

THE CONVEYOR SUB-SYSTEM (continued)

5. The finger cleaning system consists of a centrifugal
pump which moves solvent from a stainless steel tank
through a distribution manifold and Viton hoses to
the finger cleaner stations on the return side of each
conveyor rail, where pumped solvent and brushes clean
the fingers as they pass through the station. Excess
solvent is returned to the tank through Viton hoses.
All parts of the system including the hoses are highly
resistant to the solvents commonly used.

6. To reduce friction and to prevent galling, the conveyor
chains ride in heat resistant nylon guides. (Fig.4).
The finger thrust is countered by the wear strips as
indicated in the illustration. Provisions have been
made for the differential thermal expansion of the
nylon vs. the stainless steel conveyor rails.

7. The circuit card entrance guides are designed for easy
interface with an automatic production line or manual
loading.

8. The logic system inhibits any change in conveyor rail
width while the conveyor is transporting circuit boards
even though the operator commands such a movement.

THE FLUXING SUB-SYSTEM

One of the most commonly used methods of applying flux to

the bottom side of the printed circuit card is by foaming the flux.

Although other methods of flux application such as liquid wave and

spray were considered, and may be offered as future optional equip-

ment, we chose the foam fluxing system for this machine. The

fluxing sub-system consists of:

1. A flux tank and riser ducts that are constructed of
linear polypropylene to resist attack from the most
active fluxes and their constituents.

2. The width of the foam flux wave is automatically con-
trolled by the width of circuit cards being run. Un-
necessary foam is not generated, resulting in signifi-
cant savings in flux and changes in specific gravity.

.'. V%
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TECHNICAL DEVICES COMPANY

I THE FLUXING SUB-SYSTEM (continued)

3. The flux duct (Fij.5) is a series of four independent
wave generating chambers with ceramic diffusers for
aeration. Each section is automatically activated

0 0

SSOLENOID "A

, AIR SPU MANIFOLD-

(or de-activated) in 4-inch increments to conform more
closely to the width of the circuit board. Each
chamber has its independent needle valve adjustment to
compensate for any changes in density of the ceramic
diffusers. This insures uniformity of the foam height

I.'across the full 16-inch foam flux wave.

4. The control panel for the flux sub-system has an ON/OFF
switch, air pressure gauge and a regulator. A yellow
light is provided to indicate low flux level. Another
yellow light indicates a low wave height. Two green
lights are provided, one to show an adequate level of
flux in the tank, and another indicates sufficient foam
height.

5. The flux tank and duct assembly is mounted on wheels
and is easily rolled out for cleaning and maintenance.

" 6. A flux density meter with digital readout is available

as optional equipment.

AIR KNIFE AND PREHEATER SUB-SYSTEM

The hot air knife is incorporated in the preheater system.

(Fig.6) Utilizing otherwise wasted heated air from the preheater,

the hot air knife removes excess flux from the bottom side of the

9
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AIR KNIFE AND PREHEATER SUB-SYSTEM (continued)

CAM circuit card (elimi-

0 0j 0 0 0/0nating the need for a

flux wipe-off brush),

! -! ia --- gently pushes the flux

FAMM SUa *YAK EUq,1,w)MENTS
r-c } BOM up into the plated-

coImAO

rem% through holes, removes

_--most volatiles from theJ flux and promotes better

FIG. ro fluxing by distributing

the flux evenly and starting the heat activation cycle just prior

to infrared preheating.

The preheater uses eleven 1000 watt 30" long tubular heating

elements running parallel to the direction of the card travel. The

elements are positioned to evenly heat the circuit board across its

width without areas of temperature variation. These heaters are

automatically energized to conform with the width of the circuit

card being processed. Heating elements not required for the circuit

card size are not energized thereby saving significant amounts of

electrical energy.

The heating element assembly is mounted over a mirror finished

reflector which directs a portion of the infrared energy back to the

circuit card. The whole system is mounted on rollers and is easily

movable for maintenance and servicing.

The control panel for this sub-system has an ON/OFF switch

for the hot air knife, an ON/OFF switch for the preheater,

10
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TECHNICAL DEVICES COMPANY

AIR KNIFE AND FREHEATER SUB-SYSTEM (continued)

a variable setting temperature control dial and a digital temp-

erature readout used as a reference.

HOOD ENCLOSURE

The hood encloses the work area for operator safety, provides

for exhausting flux fumes and removal of rising heat. It has

*.1 sliding safety glass for easy and quick access to the machine. For

maintenance and servicing of the machine the hood may be elevated

to give complete access to all areas of the soldering system. The

control panel has an UP/DOWN switch for raising or lowering the

hood, and ON/OFF switch for the ventilation system and an ON/OFF

switch for internal hood lighting, The hood and all sub-systems "

are supported by a welded square tube frame of great rigidity

and strength.

ELECTRONIC SUB-SYSTEM

Three in-line instrument panels located across the front of

the machine, each adjacent to the function it manages, provide the

indicators and controls needed for normal automatic operation. As

a part of the electronic controls, a dedicated CMOS logic system

inhibits certain functions if all operational requirements are not

met or are contraindicated such as:

1. The conveyor width servo is inhibited while the conveyor
is transporting boards so as to prevent damage to the
circuit boards or to the machine.

2. The hood must be down while soldering circuit boards to
provide operator safety.

11
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_ TECHNICAL DEVICES COMPANY

ELECTRONIC SUB-SYSTEM (continued)

3. Conveyor will not transport boards if solder wave,
preheater and/or fluxer are off.

4. The solder pump and other operating requirements will
not run until the solder has reached the preset
temperature.

5. The ventilation system must be operating before circuit
boards may be soldered.

Although a great many condition' must be met to operate the equip-

ment in its automatic mode, a KEY switch is provided to override

the logic system when maintenance and service are required.

CONCLUS ION

We believe we have met our design goals. When the MARK IV Wave

Soldering System is used in conjunction with an automatic assembly

line and an in-line cleaning system, the automatic cycle of assembly, p
soldering and cleaning completes the major phases of the printed

circuit board assembly process.



, .i

"Wave Fluid Entrapment in Solder Joints"

Sam Mitchell, The Boeing Company, Seattle, Washington

Operator observations during solder joint touch up indicated

the presence of voids with an entrapped liquid foreign material.

Subsequent investigations confirmed it to be solder wave fluid

used with the intermixed system. Metallographic analysis

techniques indicated a potential reliability problem. An

extensive test program was performed with solder plugs and

joints containing large amounts of entrapped wave fluid. This

hardware was then tested to verify the reliability. No test

failures occurrednor have any field failures occurred.

.. . . . . . *. .. . .

. . . . . . . . . . . . .. .-



"Flow Solder Tinning of Be-Cu Leads"

Cy Noritake, ; The Boeing Company, Seattle, Washington
Sam Mitchell

Flow solder defect inspection on Be-Cu Connector leads showed a

common poor wetting behavior. Process analysis revealed that

the connectors had been pretinned using the flow solder machine

to remove gold plating. Metallographic analysis established

two contributing factors for the poor solder joints, contaminated

leads and dissolution of the copper plate. Process corrections

have resulted in elimination of both contributing factors.

S. . . .... . ...
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ENVIRONMENTAL EFFECTS OF FUMES CREATED DURING SOLDERING

by

Dr. Wallace Rubin,
Multicore Solders Limited,

Maylands Avenue, Hemel Hempstead,
Hertfordshire, England.

INTRODUCTION

Since the introduction of the Health & Safety at Work Act

in the UK and similar legislation worldwide, our attention has been

more forcibly directed towards the dangers of low levrels of

atmospheric polution. In the electrical and electronics industries,

where we had taken a great deal for granted, we now find that

extraction as was installed might be inadequate to remove fumes

created during soldering; and solvents which had previously been

considered 'safe' now come into the catezory o' hazards.

My involveriet in different aspects of Health & Safety has -

covered a wide range. My company has organised meetings with medical

officers of health of all major electrical companies to discuss the

effects of flux funes; as a member of a developf,:ient laboratory with

a works production backgroind, I have had need ro deal with

Government officials er.plovod in the medical and chemical services

of the UK Factory InspectoraLe; and I am a representative on an

International Committee (part of Group 1A of the International

Institute of Welding), which includes a responsibility to kae"

up to date on all matters appertaining to Health & Safety.

METAL FiT1ES

Solder and flux ranu-;:turers have alwa':-S been conscious

.-:o th potential ha..,idz which :ni.Qht oi-e d'irin; ol Jerin;,

D articu larly in rel itiun t-,  D:etal "i: ,:t':. ".)uFu t - ', Dr)'.ic'J -•
F- o.
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soldering takes place with rosin or other non-corrosive type

fluxes at temperatures below 500 C, there is literally no prohlem

with the effects of tin and lead. Cadmium will become a hazard at

around this temperature, but generally with non-corrosive fluxes,

volatile metal fumes are not evident. With active acid fluxes,

metal halide fumes do arise at relatively lower temperatures,

but we will not discuss this aspect oF health and safety during

this presentation. We are hoping that the work conducted by Van

2
Der Molen in the USA will clarify this issue.

FLUX FUMES

Fumes arising during the decomposition of rosin during hand

soldering of non-corrosive fluxes have been proven to have creited a

sensitised condition in soldering operatives, and most o7 the .

published work in this regard relates to tests originally carried

out bv the Brompton Hospital in London. 3,4 We had long been aware

of the fact that rosin is a skin sensitiser under certain extreme

condition., but at the Brompton it was the first occasion where it

had been proven that rosin decomposition fumes were a hazard.

This raises many aspects of work practice.

The position may have been complicated by the -method ol

assessing the concentration of the fumes by expressing results in

5
terms of formaldehyde, which i., a known hazard. In fact, the

aldehvdes in the flux fumes are related to the abietic acid, rosin-

like fractions o' the breakdotn products which, because t r

unkno ,n compositions, are conveniently exprcssed in tCrms of

for-,aldshrvde. As a result of a -isunderstandina, many

hvien its have ro arded !'lux fumes is conta nin 1 do ,_, -in I..
:::.:WV

.. . . .. " .- .. . . . . . . . . .- - < . .' . .-. • . .- - - .. , . ' . " . ' , . . i - -. . . . . . . ' < . i - - ' - - - ' -
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therefore as being toxic from a chemical standpoint. Fortunately, 0-"J

this misconception is being clarified, and I was pleased to note

that the EPA in the USA has recently decided to take a much more

6
lenient view of the effects of formaldehyde anyway.

Efficient fume extraction has now become an important

3
requirement in production areas, and the present TLV limit of 0.1 mg/m

of aldehyde expressed as formaldehyde in the atmosphere near the

breathing zones of operators is the determining regulation. It is

possible that an alternative resinous component present in greater

prcportion in the fumes will become a new TLV standard.

The presence of fumes represents a hazard whatever their

nature and much work has been carried out in order to provide

alternative resLnous fluxes which will -ume less and whose fumes

wil1 not have sensitising properties. A great deal of cxoerimental ,

work has already shed light on the rosin syndrome. Using

pentacrythritol tetrabenzoate, for instance, as the basis for an

alternative flux, fuming has been reduced by over 60%, as revealed

by the graphs of relative weight losses against rosin fluxes.

The heat stability of the alternative resins also means that the

fumes are chemically identifiable as undecomposed ester, and this

information, together with other evidence resulting from work

carried out at the Huntingdon Research Centre, has 4iven our Health

& Safet,,' Executive and industry the measure of confidence needcd

to use the alternative in production. The major tests needed to h"

carried out are those required by the documentation of tho Helth -.

3a'etv Executive and include:-

Tn-.ta~io "cute -oxic effects,

-:Ln .ndi eye irritatin . "n ; ti ;ii,,,

.r, Screenig tests :,c r-;u ,.,ocric and p,-. Fi ,.,:fn, ,zI:n nvi- t

[ • /
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The particle analysis of the fumes has also been carried

out and may also be important because of the large variation in Vl

dimensions.*

Table I - Particle size distribution in fumes from
rosin and non-rosin (Xersin) flux fumes. e

Fumes evolved from Sn6O 16 swg 411 ww flux-cored solder wire fed
I cm/second on to solder bit at 300 C.

p fAnderson Seive Weight of residues in mg

Ref. No. MsSieNon-rosin Rosin
(microns)_______________

0 11 N.D. 0.07

1 7 Trace 0.10

2 2 Trace 0.12

3 3.3 Trace 0.25

4 2.1 Trace 0.17

5 1.1 0.118 1.10

6 0.65 0.063 0.34

0.43 0.040 0.15

Total weight collected (mg) 0.221 1.40

NOTE: At 3000C rosin flux blocked equipment in two minutes

0
At 3,30 C rosin flux blocked equipment in three seconds

0
At 330 C non-rosin flux did not blocke equipment even after

30 mi.nutes

Recent work carricd cut in Ru,7ania has provided a complete

c1,ii cal I nal,'sis of flux Cu:.Acs. im at Sio-mtns , 3 !riin, a

similar ctudv carried out under careffully controlled oond.Itions has

~c'tr~odthe preicnce- of traces of lead and tir. 'a well as

11
l~n~'. rhl akwnproc,c3 rsnF10 ro;i. in fj: io , andis

7................... ....



%q

work is continuing in the hope that it will confirm the levels of p.

safety to be applied in industrial working conditions.

ADDITIVES AND DILUENTS

Although the major component of non-corrosive fluxes is

rosin, there are additives known as activators which might also

conceivably add to environmental problems. It is known that hydrazine,

which has been used in flux formulations, is a powerful bronchial

irritant, and certain fluorine chemicals are also known to be a

hazard. However, the major additives in most commercially available

fluxes include amine hydrochlorides and carboxylic acids, and from

work which has been carried cut it is understood that the relatively

small proportions present in the flux fumes do not create a health

3
hazard.

More important than the additive activators are the large

volumes of solvents now used in producing liquid fluxes in a form p
convenient for use in automatic equipment such as that needed for

wave soldering. Common solvents include isopropanol, acetone,

butanol, methylethyl ketone, and derivatives of glycol ethers.

With these, the problems are mainly associated with the .-

potential fire risk, because of the solutions after application to

co:ponents needing to be passed over pre-heating zones to remove the

solvent before soldering. Perhaps more thought should be given to

the installation of adequate flame-proof electrical equipment for

fume extraction at such locations.

Additionally, these solvents have threshoid limits which

ire rdative-¢ low and good extraction is mandatory. Fcrtunatelv,

in these circumstances where automatic oldo'ring takes place,

E.:traztion reoresents a more simpl2 probitm t;an r-Moval of Sumes

frot-, lual hind-sol,,crin, location,.

..

......

,
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In many instances it is necessary for flux residues to be

removed and a secondary problem of the safe removal of the results

of the washing process has to be faced, but this is not strictly

within the scope of this presentation.

CONSEQUENCES AND INTERPRETATION OF LEGISLATION

The importance of adequate atmospheric control cannot be

over-emphasised, but we must be careful that we are sufficiently

liberal in our interpretation so as to prevent production and

development being too tightly bound by legislation. Personally,

I have survived an overdose of phosgene; have used benzene as a

solvent without taking undue precautions other than to prevent skin

contact; and have worked for years in an environment in which

asbestos and silica dusts were not controlled. It is not proposed

-.hat this is acceptable, but the evidence suggests that the after-

effects ar2 not necessarily fatal, and that, as with the new approach .

to the effects of formaldehyde in the atmosphere, we might similarly

he reasonable for rosin and other fumes.

Additionally, we must bear in mind the considerable costs

n-ind overheads relating to specialists and the large amount of

available research and development time that might be needed purely

for environmental control. I know of one university chemistry

department which is planning to spend two million pounds on improved

fut-e cupboards where the present installations are considerably

better than any of those which were used in the laboratories in which

I was a student, and with which I have worked mc.t of my cher'ical life.

Thore :Ius. be 7anv factories and laboratories which are working

without arpirent orclemr .in] who, by -rt'ic: interpretation of

legislation, would be for,-d to exrn,. their tocnn~cal resour,-e ,

on i( l'h *~tisafetyvervm.

'-7I



-- 7-

* VAPOUR PHASE SOLDERING

A further aspect of toxic breakdown products caused during

* soldering relates to the new technique of vapour phase condensation

reflow where high boiling perfluorinated liquids provide vapours of

* temperature above the melting point of solder. The system was

12
invented at Western Electric some eight years ago and has led to

13
a number of comm-Tercially available reflow apparatus where liquid

is heated at the base to provide a vapour which condenses on cooling

coils,and above which the'e is a secondary blanket of a lower

boiling halogenated liquid. The main perfluorinated liquids are

at present either amines 14or derivaiives of ethers 15and the work

of Zado and Turbini 16has highlighted the possibility of chemical

breakdown to evolve perfluorinated isobutliene, (PFIB), which is

Kn,),n to ')e a most dangerous chemical with a 'law -hrresholl iimit

*aluc. The likelihood of chemical breakdown increases in the presence

of 3rganic flux residues which will incvi tabiv 'be present and occurs

because of the chemical weakness of the perfluorinated carbon to

fluorine hands adjacent to the ni;rogen or oxygen atoms in the

structure of the main chemical. Much work iz no-., needEd both to

r :ezign ;'acour pha.se to flow equipmon: to rc:-ove harmiful vanouri,

Iand, morc una ntllwith the chr>a :"t heO-her they

can be m7odified to provide a chemical s-uructur- whicoi, i.s more heat

Pr-ab Lams -aSsca Zir )C' ",In'j I~ct W" 7h~

u in~ solirr I c, r ( od 1 : E orC-- ., e pr~: T: if ha~e

~... ..,r.*n~ v;by rlcrra r'i:



It demands a good understanding between management, factoryV

controllers, environmental hygienists, and the work force and their

unior representatives. Between them they must exercise intelligent

understanding of the potential health problems and reasonable means

of their prevention.

Suppliers of flux chemicals and of equipment must likewise

work closely with all concerned to assist in maintaining a healthy

working environment.
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ABSTRACT

Many solder problems may appear similar and are grouped together

in broad categories. Fi:rther subdivision is often possible by

analysis using metallographically prepared, epoxy mounted cross-

sections. A basic metallurgical knowledge of the solder structure,

of plated coatings, and of solderability criteria permits this

analysis.

This paper consists of the following sections following the

ntroduct ion.

1. Solder Structure

2. Impurities in Solder

3. Electronic Lead Solderability

4. Printed Circuit Board Solderability

The examples described were all problems encountered during the

manufacture of electronic assemblies.

L1
,-'%,"



.- A

"rOD)UCTIVITY I'TROVENT IN SrLfI) G TECOLOGY

Liarrv 'Ilom-
'fanai~or, Thc-iaL ilit" -ind 'ualit-!
.\;-,sirance
';A' A 1 cacuarters



* Pr~~~Ji3U."' L i' I'/~uJ~ .J L Y

!j IL 'i~ t LVr-L L~, IhLiL HAJ\ IlLii Pt LL /~L W VV0 111JI; K

~ULL~J ~1 '- bLLILLLi4 -3 OUOP /ilY j% IHis LiuU I Y H

;jA L I IY E,,, i~ Lw i ft LALL -V 13 PKLL

*~ All u] y. NibL HMAU AN HUOH L:4(j "h HI I E PAPtk" 11

L LL'.i I 1n ~~LYL I :'I3 I !:, E 1:L i L I l I IV i I Y i'I R>l

JLI I fI I ri iS L.LUi I ~Y IU'L HOUS 1~ lLAL 'I'fi1AVE PPLo ;,'

* ~ ~~~~~ JU'L I Y i,A~LI LIIL UVYwWILLjLjfPuITIu
U& Rt Vr~L E'~~ li 1 lYv LL\Lr t;(', L- \ I r PH ~L, i S IT 1

-- 3:~~1:L.)el' L'~ I IJ I Y L~ I 1 Al L;LI~ E&.J.~IV F L

I I y

II . .KL YII L G r2>L Y

I~~ N- I L . I .~

es va e.y



i hL JA,4JUi,KY ISU Ut- wJAL IlY riA6AZ frt hi IrN ILb iU hw;,

(j 1 ANAbLNELNI A 1-1 IIUEL Aii NDA fL IIE MB IU i bL

CI-AN6EJU ii IMPROVE PROfDUL I 1V II Y.

U oytiKLRS HAVE LESS PRIDE IN W'UkK,'iAN~hlP 1$AN

diJiRKl:RS I UOiiY AKL LESS LU(AL Alit) Lt'SS

11JrVIMLD 1U WRKN.

w ~u SUj. Vt.Y, bJ1 ut- I L U 0 ~ .' L I -J PJP'U. I i $L I toU i N61).

*I ILk L 'iL b.~ h U b'-I I U it; LS PtU ii W .(1 W ~ E iRE BUY IN iu o'!

* ~LE I CIL HPrtUV Ibc Yi-J WI]H 1 Y 11,011I u4  fY Nt. ,KI. i~l HlI IS

* L ir~I LA LL, ;AL. L~Vt lj( EUP I utf- W~ J'L L iUL I i Y ;iz,-&)

LOT. C1 -.-

h~~~ .'.4.., j!LLI1 WLP 11. H i,:,Lc.LNI L 6Y Ir ;~r ~L-

I LI *1: * L-'. L A ' .b . ~ '.J' ,



L rdLK i "'Jd AL I iY LKI F,6L" d kS LSUI JL iLJ A~ A\ S-'.mWLALA

* ~INDEPLiiLN1 UKUUP. I HL "LuldHO NL h IALI I Y" UX HE "J IL ut-

QUUL I1I Y" I S t Y i 1,SPLc I I\JON-UIH !ALL tI-F I iNt.t bt fk{LION 0 ~IUt AN

P.bEPLr~iAN I Npur. I)1Y, AE KfNU1 I n,. "',LJUALI IY \'A iiL

114%.LUEL) uldLi( ;\S -)! V II.~ , r UtLuj NELViLF,

S1AiiS) l1L'L AIALY )IS, c.IL. bUl , I I I[ UfLDPNdLN' U 1 LI LY

JiNOAibl' IUJ uuLS rNUI KEALLY "LUt41rWL" IttL UUiALI 1Y ',F I hEL

- Fr~iJ~.hji.lI UNLY LS1AOLLHES tHE AIIILWS 10 PkEVN uAlEL IVL

P ; H-LJWJl 1,6 f-Wi Lb-V I Nu i 'it L!ALK 1JUN - L (iN t H 0L (k U LWPL I I Y I S

HtALL Y I t uL h~f 1% (T i hL DPL RA I b, Aijb/ L~ i HE MULES I N ti I HEI-

oqLi u U, Yi I h~J IS EL f" t JI IY Iu I EL Dr I Uj

L JUE P I Iv L Hr LUY I~ L ti.L L ! PI'L L c-k JPL 6WR '~

uLJ 1J I; ~L~ r E 1 !'4 F I I WUj KI, A;, LS, A Z L I Snl I lit (,,UAL I Y Ut-

*I HE F.O bl:ji. I - LJN I k(LLS LA~ ht oiJ V I C L L! 1 N I,.A 11 6 l Itii I

L U N I K jLL L dL AN !,) ULN R A 10 L U' I 0 (L L,,1bLL

AN/AU I~t.L IU IL;) k VI iJDL IIL ~'LL S W t,'- E T,,) fI~ IfL, I UI I E~

IriL. I'JrK' 1iY tA ~ i> FJii Ir 'Aftj. 1r lb-LLLkUI,.

.ri~~'..c~i'I U; t~LAL n L~i~NU.,'I4I . IVL th~.'\Iid !) t.

LI i I it L. (i ji ~ ,t. II iL I2 I .



I i~ UI i("i I iAL i hL I';' It~~ *~ LLJ Iv I IU hL .

RiuH i L t (,A LH '- i I N lit, J i HALL.. I HE lkiLR ril I 'TiiLY

Sl tI H- LS I intl [ )iiLL S I ~J~W

Iir iL LmikLY UAY ~ UF hL Al"IJL~t 4W. ruUL Oi~Ui, h

Prx ubLE lmlfldJu'H( U ] 1HE itkljU5PA1.L i U1 c I HELR 1I(. A- iNh S ~lA(iO

1.1, ALUEH11- k A WI IIiIN NltSM OK AddWo jU llU Cljz I H Es I HL ~E KL

L U N 1-L I iL v L LN N PND 0 KU JUI N I R~ 1I 0 N WHA h I J~ II ,1 A N

w K UN U - 1J [ FAL II h 'L E WERLt L Ij1-L L 1 .~V IN 1 H E N h 6 L EN I th-

Ji~t Ul-I hL tAJUk AL11 IB,E'vllN WE iALL I N H E )PtLE r~ljW RUk 'WA

I HiE L i/4bLIsiii tj !,,UK L~E<I4 SAsURS ANU BY JMNAbbLil:Nl

~1A h,, ht LLIL -.lLbEKlV iAH'ULS 01e ID H'1 liftii!,I Uh

I Su LJA LurNREL I ILY ijS I U:f4HLE t'i)OLk li UL.). vi E L/\NLLLL~u iMR~

,)UL'jEkiIw' A~HLUL5 SEVLm, AL Yb\R , t~ 1 Ilu U0 Lii i\ ulr, blij

I i I LL bE I LALLLU 0UN A 1,EWILAkI! A3 1S 1- On PEOPLE 4HO 41kAN I I U bE

N Aa .E RI I iJ - UUK U~L 1 JU I N6I ' 1 1LL I HE ALW ~LL L I

I dL .J MPA: ELL I U U i\i ! . 3 vIL ; AFPtiL f I IA :i EI 1 ScLNbLjj

L Ii~ L)i;VYLr.N'M' I V r\1 ~~, ti * I i EI iAL N

r I u UI U~L I Y L',A4I L L, Xi.Ir If ttL



IN LImhI UF Hit IJKLIJULi IVi Y PiJ INkL HISV LUU,.IkY IS' IN A.NLI Il

LUrNLK UN IEH.Lk I LIF I HE JLPAK IViILNI IJul ULI-LN L ON I HE DEFENSE

INL~ui I A 11 iS j IIII\I WE OWiL P HSI lIVE ~. LF i'

Lr'V.uU k PrUbUL IIV I IY AvdU hL 1;k Lb I U' Y u- A P UL IH I

SU LLb EKi !., I EL N 1 L 0 6Y E, 11 NA R S UNL rlL I nt j i- 1: P UV Li I1t.1

r IkW E V E I I Q- L L cEP I A NL L b Y Ll VL K Nf-I L i I A i d' Y f) ' W U K N iN l I F

I l t%!,A~i i; bL kLAL/LE~ it J PKZLL ri IL~ ~~rL

i-Ilk j !: J'r !'.iLXE I L uLI E SI jAr (J L i \L I~tP U,;h L ~It lL

L I

I~~iI ~ b Ll IL L b IL ~LiL.I'MI L UK;h!S dLS

I L LL

U~~~~ h~' o u' itUk

I , L L LIj; L



/A U OrII itm N' b KiOL~oI L I Wil iJL f \Ult' AuI' IL I :(iLS UFI LN

F UL LJ' t I E Ai~ li~L 1.hV I L I\~' bt I V K. I~l :I' >L--

Iu U LVELUH /A "FIALI()KY' Ut- ITHE FU I IK" 1U IF FSE I RII .1 LsV ANJ

PLLL IN I i.1 HKo'.ijuL V I I Y. - VLK(A , k%/L r IL IKL Vthj~bl

1.1, U/ H1AU, N U KI H K 'P, ELIL -, A tL 1 1VliLV L j Wvil1H TH IS LF R PI

~i Ij Il J\M H.-k E i i I HiL!), i.i * C-.fl i j i IV f

li~~~t~I P- ~r i AbL m AYS I if\KE ,JAN~I 1.h J'JJPJ I

WNiu Il/ 1 Y- H tVb~ L~ tUk I ;L 11, F.h E Ii LU iLL

~~u~KY PL) I t,. /A F AL P;\ U IEi ' H I.; ~

Id LI. ~ I V.LLL(,oL -LL Yt Y.J, b;. i 11 1; 1 k Y

i ILU.> I .. 8J' I UbtI h~l I f I lP;0UVE tFICLAIL I iV IY I E l

~~LL~I~i~ ILdI'~~;L Y( Y ;i1fVL iIHr '.'LiJUL 1I H )) 1~I 1 1 di It't



The Use of Water Soluble Component Retention

Materials in Printed Wiring Assembly Fabrication

Prepared by:

Stuart G. Tribble
Litton Guidance and Control S':stems

Grants Pass, Oregon I



THE USE OF WATER SOLUBLE COMPONENT RETENTION
MATERIALS IN PRINTED WIRING ASSEMBLY FABRICATION

INTRODUCTION:

At last year's seminar, Dan Niebauer and myself presented a

paper which reviewed evaluation of various component hold down

*" systems for soldering, with particular emphasis on the use of

* polyglycols.

This paper represents a culmination of the evaluation, in that

a technique, based upon water soluble polyglycol materials, has

been in use at the Litton Guidance & Control Systems Division,

Grants Pass facility, for eight (8) months.

This is a relatively simple technique, in which retention

material is spray applied to the topside of a loaded assembly,

prior to wave solder for retention of components, thereby

allowing pre-solder lead cut. This results in a substantial

cost reduction ($$$) in terms of both eliminating the necessity

of double pass soldering and minimizing touch-up of lifted or

tilted components.

MATERIAL APPLICATION:

The sprayer utilized is a hot melt applicator with a heated

hose and airless spray gun. The material is placed in the

pot, heated to 200 0 F, and continually cycled through the hose,

back into the pot, under a pressure of 17 2 psig. When the

,r
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spray is initiated by depressing the trigger on the spray gun,

a mist of finely dispersed retention material is uniformly

sprayed onto the topside of the assembly. Thickness uniformity

is maintained by controlling the spray pressure, spray pattern,

material temperature, and utilizing a box spray technique with

a minimum of two (2) positions.

The material solidifies to form a strong bond between the com-

ponents and the printed wiring board. Retention values of

5 lbs/in 2 have been measured. Solidification occurs in about

three (3) minutes with a typical thickness of 100 mils of

applied material.
F

COMPONENT LEAD CUTTING TECHNIQUES:

Once the material solidifies, the assemblies are ready for lead

cut. This is easily accomplished, utilizing either:

1. Hand clip via pneumatically operated clippers for

lead protrusions of - 0.025 inch or,

2. By lead saw for 0.025 inch lead protrusion re-

quirements.

Since the assembly has not been exposed to wave solder tempera-

tures, it is not warped and requires no special fixturing, e.g.,

vacuum, to insure a flat cutting surface.

A minuscule amount of retention Taterial leaks through to the

_• ,.
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far side of the printed wiring board. That which does leak

through, acts as a lubricant and does not create a mess.

Our procedure allows a twenty-four (24) hour maximum delay

between retention material application and wave soldering.

Boards which are not immediately wave soldered are stored in

desicator cabinets.

SOLDERING:

In order to assure a degree of reproducibility and a success-

ful wave solder operation, each unique assembly part number

has an engineering established soldering schedule. (Figure 1.)

This schedule lists pertinent parameter definition for each

assembly including, conveyor speed, topside temperature, pre-

heater temperature, etc.

When retention material is used on an assembly with a schedule

which has been established without the material, the topside

temperature is reduced by about 150F. In order to compensate

for this slight decrease, the conveyor speed is decreased from

0.2 to 0.4 ft/minute, depending upon board type.

IWe have noticed that certain conditions of printed wiring

board solder quality deleteriously effects solderability when

retention material is used. If the condition is noted before-
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hand, retention material is not used. This condition results

in marginal solderability under any circumstance, but is S

accentuated when retention material is used. -

We have also noted that the material exhibits a definite pot

life in terms of its effects on solderability. Under normal

production flow this would not occur since the material would

be continuously replenished with fresh material. If, however,

the material is allowed to remain at pot temperature of 200OF

for extended periods without replenishment with fresh material,

solderability defects result when the material is eventually

used on assemblies. This degredation can be observed by a

shift in the Infrared Spectra and probably results from an

oxidation of the material even though the sprayer is a closed

loop system. The system pot life is about seventy-two (72)

hours and is easily avoided by continual make-up of fresh

material or by periodic material change out.

Since the material is applied to the topside of the assemblies,

very little drips onto the preheaters during soldering.

CLEANING:

Since the material is soluble in both water and organic solvents,

removal from the soldered assembly is easily accomplished. Our

cleaning process utilizes an in-line aqueous cleaner immediately

after wave solder. Two wash sections insure complete removal of
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flux, oil, and retention material. The process is monitored

frequently.

Additionally, assemblies are in-process cleaned, utilizing

organic solvents, by a combination of IPA soak/brush and

vapor degreasing, using a halogenated hydrocarbon/alcohol "

blend. They are also final cleaned to MIL-P-28809 require-

ments prior to conformal coat, using aqueous cleaning tech-

niques.

SUMMARY:

This component retention system has been in production use for

eight (8) months. No cleaning problems have been observed and

few solderability problems have been encountered. Production

costs have been reduced due to elimination of the necessity fof

double pass soldering and reduced touch-up rate due to excess-

ive lifted/tilted parts.

. ." o.
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Evolutionary Operations (ZEVOP) is a method of investigation of a

process where the process is varied to achieve maximum or minimum result

of a dependent variable. (2) EVOP explIoits the best variations of a process

by a method which is one step beyond control charting. The math required -

for this method is simple and can be done by any individual. The advantages

of EVOPs is that no capital equipment is required and no increase in personnel

is required.

1 plan to cover the method of startinc an Evoluticnary :Operation study,

the math that you will need to use, what you can expect in terms of problems

and where to limit ':cur s::udies.
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Basic Math Requirements

Frequency diagrams will play an important role in your evaluation of

the process. It will tell you if your distribution of defects is normal,

bimodal or hypergeometric. (See Table I for examples.) The reason I

chose to use frejuency diagrams is that I wanted a method that was very

simple to use. Any person can compare a graph to a standard and tell if

the process is maximized (hypergeometric) or out of control (bimodal).

2
This eliminates the need for using X testing which can introduce errors.

It has been my experience that everytime someone must go to a table for a

constant there are errors introduced in the early stages of an EVOP process

wh-.ch can be devastating.

The frequency diagran should be interpreted as follows:

The diagram can be assumed to be normal if s < x or . < ,there 7-

is no more than one space between percentages, and there is a relative

peak tc the diagram. (See Table II.) This is the type of diagram you may

start with but you will want to improve it so that it becomes hypergeometric.

Hypergeocmetric diagrams (single sided) will look somewhat like the function

f(x) =1 HFypergeometric distributions have the following characteristics:

x
xc -s and the graph looks like f(x) = 1 . See Table II for an example.c

x
You will want your process to approach the hypergeometric curve from

the normal curve. The bLrodal distribution represents a process that is

very likely out of control. It can also represent a biased error such as

"low preheat temoerature" or a "solder wave that is too high". You must be

careful in interpretina these results as future defect percentages are

based on past experiences. -- pirical feedback has Its falIts.

I



~~J17 
1. 16 L-1 T*- P. I-P W_'' 

~ ' ~ ~ ~ . ' L

Page 3

Referring to the data sheet in Table ill I want to define the following

terms:

Cycle: A cycle is a production run where the settings controlling the

process are not changed. %

Phase. A phase is wade up of as many cycles as deemed necessary to make a

decision about a process setting (usually limited to 8).

R: is the mean of the defects found in the solder joints for a
C C

cycle (usually expressed as a percent of possible defects).

Exanple: Three boards that contain 2, 3 and 4 defects respectively

and have 100 plated through holes have a 3% .

xc = x-n (Mean of a cycle) .
n

s_: Sanzle deviation for n 3c S Zxn (Standard
C n 1 deviation of

1- i

for n > 30 s = (xn - x)
1 n 

Standar2 Error: The standard error is the method we shall use to make

judgments about the process. se=

n -

Ip= phase mean = cn (The average of all the cycle means)
1n

r2
S(xc - fcn ' (Standard deviation of all the cycles)

L

= Mean of all the cycles.zn

n,: The n-.'-.er of cycles ran.

There are some aspects of statisti:s with resne--t to h,-ergeometric

distributi.ns that will be aptparent at the outset. The standard deviation

does not holdas muc signiica e. in calculations for s-andarc error and

. ,V
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it is more dif ficLt to f ind o-,.t if a process has improved (signif icantly)

* when the freqjen.y d.&agrar and the statistical tests (i = s z 10% of xor

1* - cc 10% of ;,) indicate that the process defects have approached a

*hyperggometric distribution,. The test for significance will change the amount

of sign-ificance we place in the measuremen~ts. If your process is at a point

* of being hy ,erceornetric it is in al. l'ikelihood under control.

I want to introduce the concept of acc-eptable percentage of errors. Error

*(defects) will occur regardi.ess of the process. You will need to decide on

-how many errors are acceptable, 1%, 3%, 5%. This is a decision that must be

* made by the EVOP comrmittee. This is when the corunittee agrees that the

-machine is producing mninun defects. When the committee sets a defect goal

*tihen the =goal is fcr the hypErgeoreric f4,ncticn. By this time contrcl

* chart-ina may take over and 1 suggest no mcre than two signa limits for the

* control chart.

The primrary reason for my redefining the EVOP method from the one in

Box and Dra-.er is that the method in Box Lnd Draper is comlicated and it

is geared to the chemical industry. There are infinite independent variables

and minor changes in any one of them could cause cross product changes. I

-don't feel that this is the case with a wave solder machine. The cross

product changes are insignificant (in my experience) and I needed a method

that was statistically sound and one in which any person could work the data sheets.

EVPis not an overnight answer to solder defect problems. It is slow

but it works extremely well. It gives a method for determining the next

*logi cal step in ;rocess maxiimization. Continental Controls (a divisicon cf

Bendix' was cetti4nc zerc, defect boards in three phases using these methods. 4

-. ~~~~ .-- .. . . . .*. . . . . . .. . . . . . . .
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EVOP Method

The first thing that will need to be done is that you will have to

define-the defects that you consider critical. This may vary from product

to product due to customer requirements. The EVOP process with which I was

associ.ate4d defined defects in three classes. Holes, voids and excessive

solder were the classes that were used. You must understand that t* is- was on a

cor-".ercial product with internal solder standards. This same method was .s

used on military products to MIL-S-45743 standards but the Frocess took mnuch

longer tz perfect due to inspection standards, board aeometry and MIL

insnectior. re:7irenents.

Board aeomezry is a tool. -:hat ycu can use to your advantage. You car,

use the same EV3P set-ings and study. for boards of aproxirately the same

geometry so long as the following conditions are met:

I. The difference in Dackina densities are less than 6%.

2. The surface area and thickness of the PC-B are the sa-me.

3. The types of components do not vary greatly. (This is discussed

more in the next paragraph.)

4. The board top terperature does not vary more than. 10% when

measured at the center of the PCB.

A~s you rurn your process there may b-e things in the board conficu-rat ion

that present special probIlens. Large transistors and heatsink or cconnectors

with large posts -present a biased error. These t-oes of errors shculd be

igrncred. The reason for this is if you tried to soder these rromr the wa* e

sold-er zmach-ine you would croba:y destroy the rest of the :o-n-oner.s on the

board. The r-.1e is to =ear you-.r eva-7ua-:ions to the rna~oritv of the te

of scldEr Joints that are rersr ce n =--B
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EVOP Co.ittee -'

An EVOP committee will have to be formed. This committee will make

I judgments on what parameters are to be varied and how much (independent

variables) and if the defects are significantly less (or more) than past

phases. Defects are considered dependent variables. The committee should

be a minimum of 2 people but not more than four. It is the option of the

various managers as to who will be on the cormittee. I would suggest that

a quality Encineer and a Manufacturing Engineer be on the EVOP committee.

EVCP Process

The actual method of EVOP is that 3 dependent variables are varied in a

consistent, orderly manner. Dependent variables are any machine setting

that could affect the solder process. (Examples: belt speed, solder

temperature, flux density.) The reason that you vary in three's is that

your mind is a three dimension device and it can't picture more than three

variables at one time. The data is taken after wave soldering and

before touch up. Data is gathered by board type and correlated that way also. -

Defects should be expressed in terms of percentage defective. Therefore one data

sheet will be rezuired for each run. Eight cycles should be ru and then a'.

decision should be made on whether a change in independent variables is '

beneficial or not. When a change is beneficial the present method gives a

confidence of approxLmately 75%. (This nrLzber was chosen because any ;rocess

will vary one standard deviation 163%) and to wait until one is 90% confident

that a rrocesS wa- -haned Is toc stringent.) Th's ,5% was picked be:a;se

-. . ...

•I
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results would be immediate.

Referring to Table III I shall explain how the EVOP cycle work sheet

is filled out.

(a) (b) You will need to keep track of which part numbers have been

run on the particular process. EVOP should run regular production material

otherwise you may never get enouch boards for a statistically significant

result. You may want to consult ASTM pamphlet E122 for more information.) .

(c) The cycle mean is entered here and (d) the deviation is also entered.

The frequenzy diagram is plotted in the area (e) and the cycle n-umber is

written in at (f). The box at (z) is the setting of your macnine. These

boxes are only a suggestion; the mandatory informati-n :s : , s and cycle

n=,ber. There is no reascn to :i:-it vyc-rse- to eicht cycles Zer chase but

you should not run less than eight.

The phase data sheet has the same information essentially except that

the data from the cycles is entered and analyzed. If you are setting a base

line initia' run) then no comoutation is required. The for-m.ulas for the

comoutations are written at the bottom as a reminder. A phase data sheet

4s on Table IV.

Each type of defect you are examining reqaires a cycle sheet and phase

sheet. Analysis between phases of the defects shrul be dzne as outlined In the

next ,arazrarh. I somel:nes chrocse a visual method for ma.azers because "-

find it is more readily "understod and retained. Pictures someiame give

a larzer view o- what the process Is really dc';. 2-a r ra:-s or fre-enc;

;cacrs . aly work best. i dc not reccrzera- the, for e.:-er".- a use.

-canre -±-hases .ay run in_c the f:DIowina prab'em. Assutme that

. . ,
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you are looking at a total of three types of defects. Two of the defects

show reductions but the third shows no change (or in some cases is worse).

How do you proceed?

The first step is to check the EVOP work sheets to ensure that the

process controls were set on the points indicated by the EVOP committee.

Second, check to see that the coefficient of correlation for each of

the cycles is the standard error of the phase divided by the deviation of

the cycle. The values should approach zero (perfect correlation). There

should be no more than 25% difference between any two values of correlations

- cr between the high and low values. if there is a difference, discard the

whole test because there are biased errors in the experiment (if the settings

were ha-nzed or the operator has mace an error in loading or locginc)

It has been my experience that the defects (of all types) will become

better or worse in unison. They do not appear to function independently.

* want to caution the reader that my data is somewhat limited but after three

tries and getting zero defect boards, it does cive me some confidence about

my methods.

I,

...................
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Possible Sources of Error

I wart to list (statistical) major and minor errors and how they can

affect the outcome of the EVOP process.

1.Operator Errors

a) Incorrect loading Statistical effect. Frequency

diagramn shifts to different mea-n,

correlative coefficient is too high.

b) Operator changes one or This could vary from a ama!!

allI settin::s i.rrovement to the same answer in

a). The process erncineer

ait the process to ensure the

conformance to the EVOP clan~.

c, No change in the process There are two possible answers;

between two nhases the settings -were not chanced

or the srocess is at maizu~n

d) The process is not chancing; After two phases of eight cycles, if

is it at a maximum.? the defects do not chance there is a

75 to 9C% chance that the Process

has maximize_- and it will nc-

continu.e tc Lrrzve.

L
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A wave solder machine is not a black box or a known function. We are

just beginning to realize all the scientific aspects of the wave solder

process. I do not believe in black clouds over a process or person, causes

without effects or processes that can't be understood. The EVOP committee

should move the process in a logical manner toward the goal of zero defects.

Managers should understand that EzVOP takes time and man power to operate.

It is not a quick answer. It is the best way I know to get the people who

are operating the wave solder machine involved in the decision making process

about the machine.

The EV3P committee should answer the following questions:

a) What is our goal?

) What is the acceptable percentage cf defects per board?

c) What is our current status?

d) Are there any alternatives that we have not considered such as

sending out the work to be soldered by an outside vendor?

The EVCP committee should set reasonable timetables to accomplish the

goals agreed upon by management.

When the goals are complete, control charting should take over.

Conclusion

The method i have outlined is the method I developed for use at my last

position at Bendix. It worked for them and it can work for you. I used this

method because it was the best one for me. I'm a fir-. believer in what works

for you is best. That is what this conference is about, sharing ideas and

methods. My method worked for me. If you can't see it, or you don't like it,

chance it a nd core tell us next year.

. .. . . . .



TABLE I

4.

Defects

Normal or Near Normal Functi-ons

0 Defects

Single Side Hypergeometric or I Function

0 Pi~odai
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TABLE II

*0 1 2 3 4 5 6 7 8 9 10 11 12

Near Norzmal

0 1 2 3 4 5 6 7 8 9 10 11 in1~1 15

Poss-4ble Biased Error
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ABSTRACT

When vapor phase reflow techniques were used to solder components
onto polyimide multilayer circuit boards, "frosty" - appearing
solder joints were a regular occurrence on the leaaless ceramic chip
resistors and capacitors. Components with through-hole-mounted axial
leads rarely exhibited the problem. A thorough analysis of the solder
joint revealed a final metallurgy which was substantially different
from both the intended final result the initial joint make-up.

In this paper, kinetics of intermetallic compound formation, and of
base metal dissolution into molten solder are evaluated to explain
the cause of the problem and to implement a solution. Resulting re-
visions to the components' procurement specifications, and to the
vapor phase equipment are discussed.
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SOLDERABILITY DEFECT ANALYSIS ,v

Introduction

The following is a typical scenario between a systems manufacturer and a

component vendor. We will call then Joe Radar and Charlie Chips.

Joe says, "I want to buy 200,000 Zip 7 op amps and here is my spec."

Charlie answers, "Swell! I can supply them in the 4th quarter 1982 at $100

each."

Joe replies, "Great! I can't wait to get them. I will schedule production
so that they will be needed at the exact time they come in."

Six months pass and both Joe and Charlie are on schedule. When Joe receives

the op amps, he solderability tests them at incoming and they fail. He then

gets on the phone to Charlie and this is what we hear.

Joe: "Those damn op amps you sent me won't pass solderability. What are you

going to do? I've got production stopped and sent all the line people home."

Charlie replies, "What's wrong with the solderability?"

Joe answers, "I don't know; they just won't pass! I won't pay you til I get

good stuff!"

Now we have an impasse. Neither Joe nor Charlie knows what's wrong, in a

technical sense, and both are in trouble. This scenario happens all too often.

It is this exact problem that solderability defect analysis attacks. To explore

the problem a little deeper, we find that the component manufacturer may be
small and does not have high technology packaging or analytical resources in-
house. The user or systems house often has elaborate research resources or

knows where to get them. We will talk of this later.

• .2
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The point of the above dissertation is that if the component vendor knows

exactly where his process has gone out of control, he could offer a logical

and expeditious fix.

Solderability Defect Analysis P

What is solderability defect analysis? It is the analytical evaluation of a
particular solderability defect. This evaluation results in a characterization

of the defect which in turn can be combined with other information to determine
the cause of the defect.

Why defect analysis?

First, solderability defects cause increased costs and field failures. The

maximum strength of a solder joint is decreased. Also, complex environments

which result in fatigue stresses will result in early failure of joints with

solderability problems. A recent case showed a joint which should sustain at

least 3000 thermal cycles failed in less than a hundred because of a solderability

problem.

Second, the nature of a defect can be used to pinpoint a component manufacturing
problem. Examples of this will be demonstrated later in this paper. In addition,

' the hard analytical evidence is difficult for a component manufacturer to refute.

This can go a long way in establishing a useful relationship with that vendor.

Third, if a component manufacturer knows what to fix, he will usually fix it.

It is advantageous for him to do so from both a cost standpoint as well as good

from a public relations standpoint. If a fix is made, it will often be across

the product line. Therefore, a fix for user"A" will be a fix for all customers.

From this, one can see that solderability defect analysis is as much a philosophy
as a technical approach. It is also a commitment from both a corporate stand-

point as well as an industry standpoint. The implications here are quite

evident. The problems are industry-wide and must be attacked on a cooperative

basis. We see solderability defect analysis as an effective tool.

......... ... .. .. .. "
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Analytical Method

The premise in solderability defect analysis is that all such defects have a

physical and metallurgical meaning. This could mean a lack of metallurgical

bond, gas evolution, etc., which result in a pre-service crack in the solder

joint.

In order to determine the true nature of the defect, a "method" can be employed.

This method is analytical and can follow a set procedure.

The tools used are available in most modern, moderately well-equipped laboratories

today. The first line tool is the optical microscope. Two types are needed;

a stereomicroscope capable of magnification of 5-50X (10-30X is acceptable), a

metallurgical microscope ( and ability to prepare samples) capable of up to 800X

magnification. The second major tool is a scanning electron microscope. While

they may sound exotic, it is really not in today's technology. In fact, most

semiconductor manufacturers of modest size or larger have one in-house. They

just don't use it to full capabilities.

The last major piece of analytical equipment is an electron microprobe analyzer.
This also may sound like an exotic technique but it is fact that most scanning

electron microscopes are equipped with one of the energy dispersive type.

In addition to the above, one also needs the ability to solderability test

samples. Preferably, the equipment should be able to test to MIL-STD-202,

Method 208, using type "R" flux.

The actual method of solderability defect analysis follows the steps as outlined

below.

1. Solderability test a sample while retaining an untested sample.

* 2. Examine using a stereomicroscope and note characteristics of the defect in

detail. Document defects.

3 Prepare a sample of surfaces with defects for SEM/EMA analysis.

4. Document characteristics of defect in detail. Determine if base metal is

exposed in defect.

", .
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4.a. If appropriate, examine a new, untested sample. Look for defects in

surface deposit or excess contaminants on surface. &

5. Remove from the SEM/EMA and metallographically section through a typical

defect in the appropriate plane. Also, prepare a new, untested sample.

6. Examine sections in a metallurgical microscope for abnormal interface

characteristics (lack of metallurgical bond, dirt under plated deposit, etc.).

Document.

7. Examine all data and interpret. Review with manufacturer's processing

steps in hand. Make decision.

Once step 7 has been completed, several things can now happen. One of these is

a decision to rework or not. Another is a summit meeting with the manufacturer

to map out a program to put his process back in control.

The cost of a typical solderability defect analysis is $500 or less. This

expenditure could save thousands and up. In one extreme case, we spent about p.
$50,000 in a total program and saved possibly $3 million.

' Defect Analysis

• In a solderable system, a continuous metallurgical bond must be easily made to

the solderable surface of the parts to be joints. To review a basic concept,

this surface should be defined. In most solderable components (leads, PWB's,

etc.) a surface deposit such as tin, tin-lead, gold is used. This deposit is

- either over the actual base metal or over an underplate such as nickel or copper.

. When exposed to molten solder, these "solderable" deposits either melt or alloy

* with the solder. The end result is that the metallurgical bond is made to

- either the underplate or to the lead or run base metal. Based on this knowledge,

- one can list the basic defects which can occur. This list is amazingly small.

1. A surface deposit which prevents melting or alloying of the coating. Epoxy

or paint on the lead will cause this type of defect. A thoroughly oxidized,

too thin coating also falls in this category. An example is a very thin tin

deposit which has seen extensive, high temperature burn-in.

- , '.°
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2. The wrong surface coating. This is a variation on the first defect

creating condition. Examples of this are alloy golds which may have an

oxide film on the surface or an out of control tin-lead coating which may .
not melt or alloy properly.

3. Entrapped or co-deposited materials in the coating. The most common is

co-deposited organics which result in a dewetting condition.

4. Dirt at the coating/base metal or underplate interface. This prevents a

metallurgical bond from being properly made. Causes non-wetting.

5. Oxides at the coating/base metal or underplate interface. This again causes

non-wetting. It is the result of improper cleaning or plating procedures.

It is also the most common defect seen in devices with glass to metal seals.

This list covers 95,0 of all the solderability defect causes found in real life.

However, it must be recongized that the iterations and the intesity of the

specific conditions may vary widely. This is where knowledge of the component

manufacturing process comes in. Comparing the above list, defect analysis data

and the component manufacturing process, one can pinpoint the problem causing

the solderability defect.

Hint to the Handyman

In solderability defect analysis, one of the keys is getting the maximum informa-

tion from the analysis. This can be done by using the right detailed technique.

The following is a hint for obtaining the maximum information.

In the examination of defects which occur in nickel or Kovar based leads, it is

nearly impossible to optically discern non-wetting due to the fact there is no

color difference. The SEM is useful here using elemental contrast. The non-wet

nickel or nickel-iron surface will appear darker than the surrounding solder.

The technique can be used to separate low atomic number organics from the

metallic background.

, . - .. . --.- , - - - . -.. . - . .-.. .. . - . . . - . -
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Problem Components

It has been found that certain classes or generic types of components are more

susceptible to solderability defects than others. Of these, semiconductor

devices, with glass or ceramic to metal seals are at the top of the problem

list. There are several reasons for this, one of which is the basic manufac-

turing process of making a glass or ceramic to metal seal. The following is

- typical:

1) pre-oxidize leads

2) assemble with glass bead

3) make oxide seal to glass

4) clean oxide from leads

5) plate

The solderability problems which are found on components which have seen such

a manufacturing process is usually related to the incomplete removal of the

oxides prior to plating. In many cases, the manufacturer over-oxidizes the

leads which results in a thicker, harder to remove oxide. In addition, the

oxides which might not have been removed can be easily plated over as they are

conductive enough.

Examples of Solderability Defect Analysis

Case fl

This case involved the solderability failure of a glass bead diode. The leads

are copper. Figure 1 shows the SEM view of the solderability tested surface.

Microprobe analysis of the defect areas showed exposed and incomplete formation

of copper-tin intermetallic compounds. Examination of a new, untested lead

showed a dense, uniform electroplate of bright acid tin. The information

indicated a problem at the electroplate/base metal interface.

-
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Figure 1

A sample of the diodes just prior to tin plating was requested. Upon receipt

of these samples, it was immediately evident what the problem was (see Figure

2). The leads were covered with black spots (cupric oxide). Glass bead diodes

see considerable thermal processing which oxidizes the leads. This oxide must be

removed prior to plating. If not removed, the oxides can be easily plated over

as they are conductive enough. The exact cause of the problem was that nobody was

inspecting the leads prior to plating to see if they were properly cleaned.

Figure 2

'- 1
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Case #2 "

This case involved a Kovar leaded microelectronic device. Figure 3 shows the

solderability tested surface and the defects. Microprobe analysis showed ex-

posed Kovar. Metallographic sections showed a lack of bond of the solder to the I

base metal. This is shown in Figure 4. Sections of new, untested leads showed

defects at the plating/base metal interface. As in the previous case, the cause

of poor solderability was a lack of proper cleaning prior to application of the

solderable finish. In this case also,it was tin plate.

~~!% -

(:S .
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Figure 3

Figure 4
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Case #3

This case also involved a Kovar leaded microelectronic device. Figure 5 shows

the solderability tested surface with the defects. Microprobe analysis showed

there was no exposed Kovar in the defect areas. Metallographic cross-sections

(see Figure 6) showed a good bond of the solder to the base metal. However, the

solder is loaded with gas voids. Examination of new, untested leads showed that

the surface coating was bright acid tin electroplate. This type of plating is -

loaded with co-deposited organics.

Figure 5

Figure 6
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From the evidence, the indicated source of the problem was that the co-deposited

organics were breaking down and resulting in vigorous gas evolution when exposed

to molten solder. In addition, the surface coating was extremely thick (1000 pin).

Therefore, it was not completely flushed from the surface during the 5 sec of

solderability testing.

Case #4

This case involved severe solderability defects in a dipped mica capacitor. The

leads are hot tinned brass with copper underplate. Figure 7 shows the untested

lead with the defect. Lumps of organics are seen on the surface. Microprobe

analysis found these lumps to be high in titanium. Titanium oxide is the most

often used pigment in white paint.

The capacitor bodies are marked with a white epoxy paint. Therefire, it was

concluded that the cause of the defect was improper control in marking which

resulted in epoxy coating of the leads.

Figure 7

. ... ... .... O-
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Rework

One of the benefits of solderability defect analysis is the information needed
to prescribe a rework method. In many situations, the components which are

bad are needed to maintain manufacturing schedules. The obvious tactic is to

rework the components in-house.

The most difficult defects to correct are oxides or contamination at the surface

coating/base metal interface. The presence of the surface coating prevents

eacy removal. Rework to eliminate this type of defect involves exposure of the

interface and removal of the oxides or contamination. One procedure is to

double hot solder dip, fluxing before each dip. The first dip exposes and the

second removes. A more extreme procedure is to strip, clean, and replate.

Rework of defects within the surface coating can usually be corrected by hot

solder dipping with the appropriate flux.

Rather than expounding on all the rework procedures which could be used, a

general guideline can be stated. Any rework method selected should be the

gentlest necessary to remove the defect causing poor solderability. Also,

each case should be studied separately for determining the appropriate rework.

Summary

1. Solderability defect analysis is a useful tool in pinpointing a component

manufacturer's process problem. The keys are the use of analytical tools

in conjunction with knowledge of the component manufacturing process.

2. Solderability defect analysis is a useful tool in describing the proper

rework method to improve solderability.

/mvg
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EUROPEAN SOLDERABILITY CONTROL.

Gert Becker Telefonaktiebolaget LM Ericsson,Stockholm,Sweden

INTRODUCTION

Last ye-ar when I was at the China Lake Soldering Seminar I was

very much impressed by the serious work which was laid down here

in the field of soldering.I was impressed by a picture in Mr.

Rabys location which was taken when the first printed wiring

board without faults was celebrated.This is a really remarkable

performance.

This picture and the fact,that the American Military invited me

to give this lecture,gave me the idea to tell you about my first

soldering job,which resulted in zero defect soldering joints too

and to tell you how this problem was solved,what we learnt from

it and what consequences this work had.

THE SOLDERING PROBLEM

Our laboratory has worked with the solder globule method,which is

a solderability test method since 1959. But at that time we

actually did not know so well how to use this mothod in

reality.It was only,when we had to use the method in practice

that we were able to get a good understanding of it.In 1965 LM

Ericsson had to deliver a code switch system to the US Milita-

ry.This system did not work correctly.After a thorough investiga-

tion it was found that the solder joints in the multiple,were the

reason.This was a surprising fact,because LM Ericsson had at that

time delivered many code switching systems without any comp-

laints.They were manufactured precisely in the same way as the

equipment for the US Army was. What was the difference?We found

out that the equipment was used in a way it was not intended for.

It was operated at 4V instead of the nortal 48V.As it was stated

that the solder joints did not meet these new requirements we
started an investigation.The multiple wires were soldered in a

F 4
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high frequency apparatus with a maximum temperature of 3800 C and

a soldering time of 1.8 s.We tested the multiple wires in our

solder globule tester and found that the round 0.6 mm diameter

tinbronze wire should not be solderable.This was at least some

agreement with the fact,that the solder joints caused trouble.A

sectioning of the solder joint,see fig 1,confirmed the findings.

Before I continue the story I have to explain briefly the solder

globule test and the evaluation system we use.

THE SOLDER GLOBULE TEST AND THE EVALUATION SYSTEM

In the solder globule test,which is an internationally recognized

method and standardized by IEC,a solder pellet is heated to the

temperature of 235 0 C on the top of an iron pin.The sample is dip-

ped into the solder globule and the time is measured when the

sample touches the solder until the solder elapses over the samp-

le, fig 2.This test has to be carried out repeatedly.The measured

times are then plotted in sequence into a logarithmic normal

distribution paper,where the x-axis gives the measured soldering

times and the y-axis the number of the conducted tests,or the

probability,see fig 3.

In the course of the work which I am describing we found that the

curve in the diagram,which is derived from the measured soldera-

bility values direcly can be compared with production and quality

demands.The workshop requires that a solder joint shall be produ-

ced within a given time,e.g.1 s and the quality department

requires that e.g. no more than 1 out of 10 000 solder joints

shall be defective,which means,that 99.99 % of all solder joints

must be perfect.

If you repeat the solderability measurement you will get other

values,and other curves,which means that you get a spread for

your first curve.Statistics will tell you what spread you can

expect and that the spread of the curve depends on the number of

samples,fig 4.This is very important for you who want to sell

components but even for you who want to solder them.In the diag-

ram we see that a material with an average soldering time of I s

at the 99.99 % level can have such long soldering times as 1.5 s

but even such short ones as 0.74 s.If.the agreed soldering time

is 2 s for a sellers risk of 5 %,here 5 % confidence,at the 99.99

% level,you have to accept material which needs a soldering time

up to 12 s.In normal cases this is unbearable.
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The diagram even shows that it is not possible to predict exactly

the number of soldering faults.At an average of 1 faulty solder

joint out of 10 000 you may expect in our case as few faults as

only 1 per 200 000 ,but it can be as bad as 1 faulty solder joint

for every 900 joints.

SOLUTION OF THE PROBLEM

Now back to our problem.When we used the described method we

found a curve as curve 1 in fig 5 for the material tested.Curve 1

shows that only 80 % of the material will solder within 1.8 s.

And this value corresponded well to the magnitude of number of

faulty solder joints found in the workshop.We discussed the prob-

lem together with our material supplier and together we improved

the material.The exiting point in this development was that we

tested the material in every stage of the improvement both with

the solder globule method and by practical soldering in the _

workshop.And the predictions we made on the failure rate were

confirmed by the workshop.So we started with 1 bad solder joint

out of 300,this is curve 1 in fig 5 improved the material,reached

curve 2 and ended up finally at cuve 3. Within a very short time
we were able to improve the tinning process so much at the wire

manufacturer that we obtained curve 3 ,which tells us that at a

soldering time of about I s no more than 1 faulty solder joint

out of 1 000 000 solder joints could be expected.We followed up

our figures with the figures in the workshop,but when we found

after 15 000 000 solder joints, that no single solder fault was 2

detected we sonsidered that we had solved this problem.Not only

that,the improved solderability did not cost us a cent more.

SOLDERABILITY - ELECTRICAL CONTACT RESISTANCE

However we were not quite satisfied witn cur work yet.It puzzled

us that a solder joint could work satisfactorily when a relati-

vely high voltage was involved but was dee:ed to fail when a low

voltage was applied.So we designed a test,where different solder-

able wires were soldered into a 60/4O SnPb sarple, see fig 6 and

measured the contact resistance from the one wire through the

solder to the other wire according to the scheme in fig 6 .The

samples were measured before and after ageing.The ageing was

either an oxidation of the samples for four wooKs,or in cxidition
and salt spray for four days.The results in fig 7 zpei for

themselves.A well solderable wire did rot -:haze the ccntact

resistance even after hard ageing.A bad solderable -ire hcwever
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showed after ageing an increase of the contact resistance by a

factor of 106 microohms.From this investigation on we knew exact-

ly what good solderability means and that we needed this good

solderability.

SOLDERABILITY OF COMPONENT LEADS

At that time we had even started up the solderability testing of
component leads.So we had a certain experience when we got a

problem with a printed wiring board.As usual,all other factors

were blamed for the bad soldering result except the solderability

of the component leads.By the way, the printed wiring board was

soldered within 0.8 s.We measured the solderability of all the

components on the board.The result is given in fig 8. The first

thing which can be seen is that an increase of the soldering time

will decrease the number of soldering faults.Anyhow,three compo-

nents were left which accounted for the rest,a considerable

amount of soldering faults.The bad solderability of the transfor-

mer leads could be eliminated by changing from brass tag to Ger-

man silver tag.It was more difficult to improve the solderability

of the capacitor leads.The capacitors were not made in our fac-

tory.And to the supplier they had an excellent solderability

according to MilStd-202.So it was very hard to convince this

manufacturer that the solderability of the capacitors had to be

improved.And when he finally was convinced he never used the

Mil-Std-202 for solderability testing again.He switched over

completely to the IEC Solder Globule Method.

THE SOLDER JOINT CONSIDERED AS A COMPONENT

Through all the solderability problems we have had,the discus-

sions what bad solderability means for the function of the elec

trronic equipment,through the statistics we applied for the eva-

luation of the solderability results,it became obvious for us

that we had to regard a solder joint as a component with all the

consequences.And the consequences are shown in fig 9 where you

can relate the probability that your equipment will work to the

number of components and their probability to work.If you have

100 parts, solder Joints,and every joint works only with a pro-

bability of 99 % ,the chance that your equipment will work

is then 37 O .If you can increase the chance that your 100 sol-

der joints work correctly to 99.99 % you have raised the chance
that your equipment with the 100 solder joints will work correct-

ly to 99% .This consideration in combination with others as pro-

&mS S S .5 . . . . .. . . . .



duction volume,production costs which include reparation has made

that LM Ericsson has chosen as a general quality level for solder

joints the probability of 99.99 % .It has turned out that due to

this philosophy the really achieved quality level in many cases

is much higher.

SPECIFYING THE SOLDERABILITY REQUIREMENT

When specifying quality criteria for solderability one of the

criteria to be specified is the soldering time.Already in the
very beginning we requested on good grounds for hand soldering a

soldering time of maximum 1 s and for machine soldering a time of

2 s.

As the solderability testing at our company was started in com-

bination with problems in the workshop,we soon found outthat

the workshop had problems when we measured soldering times grea-

ter than 3 s at the 99.99 % level.Workshops with more sensitive

soldering tasks and more accurate soldering operators already

started to complain about the solderability when the soldering

time which we measured exceeded 2 s.

Our experience gathered on a huge number of solderability tests
on component leads showed us ,fig 10 ,that the soldering times

were distributed in a certain manner.We found that good solderab-

le material had soldering times shorter than 1 s and the spread

for these times was rather small.About 45 % of passive and 70 %
of active components belonged to this group.Then we had another

group,the material which was difficult to solder or not solderab-

le at all.The group which was difficult to solder started at 2

s,the group which was unsolderable had values above 3 s.This

group had a very large spread in the soldering time and amounted

to about 20 % for the active and 50 % for the pssive components.

Then we had a third group where the soldering times were between

1-2 s and this group amounted to 5 - 10 % .Our collected expe-

rience from the solderability testing showed us that there is a

border line between good and bad solderable material and that

this should lie between 1 and 2 s.Statistical investigations sno-

wed that it was reasonable both from the view of the buyer as

well as from the view of the seller to establish as a soldera-

bility requirement a value of 1.5 s.

As small companies,and LM Ericsson is from the viewpoint of the

output of a ccnponent manufacturer a small company,have difficul-
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ties to claim such a solderability from component manufactu-

rers,the industries in Scandinavia agreed in the early seventies

on a mutual standard for solderability which in principal is the

IEC Solder Globule Method,but defines exactly the solderability

requirements in terms of soldering time, 1.5 s ,related to an AQL

level of 0.01 % and a risk level of 5 %.

SOLDERABILITY AND ECONOMY

Good solderability means even good economy,fig 11.A production

volume of 1 000 000 solder joints a year is not large.Let us

assume that 40 % of the material has a soldering time longer than

1 s,say 2 s.With a production cost of 27USD per hour you have to

pay 3 000 dollar more for 400 000 joints.

With an estimated failure rate of 1 out of 1 000 000 solder join-

ts and the assumption

75 % repaired for 6 USD / defect in the workshop

15 % repaired for 17 USD / defect in the final check

10 % repaired for 110 USD / defect at the customer

the failure costs will total to 1 800 USD per year and a produc-

tion volume of 1 million solder joints.

We have tested the solderability of component leads with the Sol-

der Globule Method since 1966. First in special cases.Then the

method was introduced for type - testing of components and later

for normal incoming test, We have about 30 solder globule tes-

ters at LM Ericsson today.It is true that solderability testing

is expensive. But the savings are far greater.In one case we

could not buy a diod from a certain manufacturer,even though all

electrical values were found to be satisfactory in the type -

testing. The only property which was insufficient was the solde-

rability. We helped the manufacturer to improve the solderabili-

ty to the desired level.Then we could buy the diod from this

manufacturer and this saved us only in one factory 1 million dol-

lar per year.

THE WETTING BALANCE METHOD

The solder globule method has one disadvantage.You can not detect

dewetting effects with it.Therefore it is requested in the 1EC

. . " ". .-
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that the solder globule test has to be complemented with a dewet-

ting test,which is a simple dip test,if the globule test shall be

valid.This problem does not exist when you test the solderability

with the Wetting Balance Test (Meniscograph Test).The IEC has

worked out a testing procedure for this test and defined the

demands on the testing apparatus.In the wetting balance test the

wetting forces acting on the sample are measured over the test

time.It has taken a considerable time before recommendations

could be made as how to evaluate the obtained wetting force ver-

sus time curves.

Even for the wetting balance test it is important to realize the

statistical character of the result.This means that you have to

test a sufficient number of samples,otherwise you will not get a

valid result.

I will give one example.Our workshop complained about the solde-

rability of one component.The problems of the workshop were veri-

fied by the solder globule test.After contact with our supplier

he told us that he had carried out solderability tests as

well but could not confirm our findings.The problem became a

real problem when we found out that our supplier used the wetting

balance test.The question arose if both test methods were giving

comparable results.After a thorough discussion of the test me-

thods and the statistics with the supplier he agreed on that he

should carry out as many tests as we have carried out on the sol-

der globule.The result of this was that the supplier himself

found his material unsolderable.

By the way,we had not to pay a hinher price for the ccmponent

after the improvement of the solderability •Actually to me no

case is known where our company had to pay a higher price for

improved solderability,when we complained on solderability and

helped other companies to improve the solderability of their com-

ponent leads.

THE SCANNING SOLDERABILITY TESTING METHCD

The wetting balance test is a good test,but as it is specified in

the :EC with a dipping speed of 20 m./s it has the same disadvan-
tage as the solder globule test and thit is that the test is car-

ried out only on a small area of the component -cad. -,.sed on an

idea of the Siemens Corporation we have developed the wetting

balance test with a slow dipping speed of 1 mm/s, fig 12 which

S"
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we call the Scanning Solderability Test Method to indicate that

we measure the solderability over the whole length of the compo-

nent lead.The dipping speed is choosen so slow that the sample at
the solder interface always has the soldering temperature and

thus enables the solder to form a positive meniscus.The formation
of the meniscus and the obtained wetting force thus is only

dependent on the surface properties,the solderability of the sur-

face.This method has shown an other advantage too.

With the scanning method it is possible to detect decreased sol-

derability on the component lead as a function of the thermal

demand of the component body,acting as a heat sink.This can give

us two informations.The one is whether the component is suitable

for flush mounting or not,in other words if the component is cor-
rectly designed with respect to solderability.If the component

can not be flash mounted,the obtained solderability curves gives

you a measure for the distance with which the component body has

to be mounted on the printed wiring board,when a reliable solder

joint shall be achieved fig 13.

PRETINNING

We had a problem with the solderability of one component lead.As

it was not determined at what place of the lead the soldering

should be carried out we used the scanning solderability method.

We tried different methods,to restore the solderability of the

lead.From fig 14 we see that the solderability really was bad

over the whole length of the lead,curve3 .A brutal tinning with

zink chloride did not improve much the solderability,curve 2
neither did so the many other fluxes we used.The only solution in

this case was the use of a mildly activated flux in combination

with ultrasonics, curvel.With this method we obtained a nearly

perfect solderability.

Very often it is claimed that if you have solderability problems

that you only need to pretin your components and than you have

solved your problem.I can not agree with this.It is absolutely

necessary that you evaluate your solderability problems and check

the improvements you intend to introduce with a solderability

test.in most of the cases a simple pretinning only will cover

your problems,not solve them.It is only very seldom that you can

solve your problem correctly in such a simple way.

Z"I
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THE ULTIMATE IN AUTOMATIC INSPECTION

By

Riccardo Vanzetti, Alan C. Traub and Laura Suoino
Vanzetti Systems, Inc.
Stoughton, Massachusetts

ABSTRACT

In mass-production of PCBs, visual inspection of soldered

joints is probably the last major operation still carried out

manually.

Among the problems typical of this approach are the

following:

- accept/reject decision is based on personal
judgment of the inspector;

- only surface visible characteristics are available to
make a decision. Subsurface defects (voids, inclusions,
discontinuities, etc.) being invisible, remain undetected;

- setting the threshold level between accept and reject .

is affected by the production's prevalent quality level;

- human operation is slower than automated, and subject
to fatigue and other variables.

The paper describes a novel system, designed to:

- ensure that the accept/reject threshold is firmly
held at a pre-set level, regardless of the prevalent
production quality;

detect solder-joint defects, regardless whether they
are on or under the surface;

- identify said defects by type, severity and precise
location;



- carry out this inspection at high speed (10 joints

per second or faster);

- allow full automation of the inspection process.

In essence, the system's operation is based on:

- a laser firing a pulse of radiation onto a solder joint;

- an infrared detector monitoring the joint's temperature
increase during the laser's pulse, and its decrease
afterwards;

- a programmable XY table holding the board to be
inspected;

- a computer running the whole operation, and having in
its memory the thermal signatures of acceptable and
rejectable soldered joints;

- an input-output device for programming, displaying and
recording all necessary data.

PCB reliability enhancement and cost savings afforded by

automated soldered joints inspection are discussed in the final

section of the paper.
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INTRODUCTION

Every year in the U.S.A. billions of soldered connections

are made on printed circuit boards by computer manufacturers OF

and others. For example, last year, one hundred seventy five

billion (more or less) of such soldered connections were made.

With a study conducted by a major computer manufacturer, it

has been observed that, under the best conditions, there are

approximately two defective soldered connections every thousand.

This gives one an idea of how important and conspicuous can be

technical and economic problems related to quality (each joint

should meet a certain standard of mechanical quality), reliability,

maintenance, warranty, rental and even number of spares to stock.

In an attempt to solve this problem, we describe in this

paper a newly developed system that is able to inspect automatically

the quality of the solder joints in printed circuit boards.

This system works on the basis of the new concept of "infrared

signature". As a matter of fact, the Laser/INSPECT System

includes a Nd:YAG laser which emits a pulse of radiation directed

onto each solder joint in turn. During the pulse duration, the

joint temperature rises and as soon as the pulse is over it

decreases again. A HgCdTe detector monitors the rise and decay

oatterns which together form the joint infrared signature (Fig. 2).

This signature is uniquely typical, just as a fingerprint, and

contains relevant information about the thermal mass, the internal

structure and the surface condition. Figures 1 and 2 show some

5 %
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heating and cooling curves of solder joints and indicate the

relations between the characteristics of the joints and the

rate at which the temperature varies.

Based on these principles, the Laser/INSPECT System is able

to test both lap type and feed-through joints, and to detect not

only visible but even invisible defects such as:

1. Bubbles

2. Cavities

3. Porosities

4. Delamination discontinuities

5. De-wetted leads (partial or total)

6. Inclusions or impurities.

Quite often these defects are not so severe to cause an open

circuit, but make the joints just liable to break or to cause

intermittences in the circuit functions. Thus they cannot be

identified by means of an electrical test.

Figure 3 shows some of the defects that can characterize

either lap type or feed-through joints, while Figure 2 and

Figures 4 through 10 show some typical solder joints' infrared

signatures.

DESCRIPTION OF THE LASER/INSPECT SYSTEM

As can be seen in the schematic representation shown in

Figure 11, the Laser/INSPECT System comprises a HeNe laser and

a Nd:YAG laser. The first emits 0.0005W of red light ( - 0.6328)

and the second emits an infrared beam ( = 1.06u) whose power is

"- -i . -< ., ..' ... .< ]. .- .. .. -., - -i- ,- " ., ,' .- ... .- ... . ,-- -, .. ., .- , , .. .
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kept between 5 and 10 watts according to the physical mass of the B.

target and to the pulse's preferred duration.

By means of two small mirrors these two beams are made parallel

and very close together and then focused into a special optical

fiber, which acts as a beam coupler and homogenizer. The resulting

beam is then directed by the injection head over the solder joint

which is being analyzed (see Figure 12).

In Figure 11 you can also see an InSb infrared detector.

This one is cryogenically cooled by liquid nitrogen at 771K.

The detector is always directed toward the target and can

measure its temperature variation both during the laser pulse

when the joint is warming up and after the laser pulse when the

joint is cooling down. This temperature measurement is done with

an accuracy of ±1C and with a resolution of 0.05*C.

The analog output of the infrared detector is first

processed through very low noise electronics, then converted into

a digital signal by a high speed analog converter whose input rate

can be as high as 16 KHz and finally sent to a microprocessor

where, besides other things, it is compared to the signal expected

from that joint.

During the inspection process the printed circuit board rests

on an XY table where each joint in turn is placed at the focused

image of the infrared detector.

Figure 13 shows a prototype of the Laser/INSPECT System.

DIGITAL PROCESSORS

The Laser/INSPECT System uses two digital processors that
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share the task of controlling and regulating all main functions

of the system itself (see Figure 14).

One is an 8-bit microprocessor common to all Laser/INSPECT

Systems. It controls the motion of the XY table and collects

all data monitored by the optical system during the inspection

process of the boards. It can operate its functions only on one

X-Y point at a time and it has no capabilities in making decisions

on the solder joint quality. In case it might be necessary to

intervene in the process the microprocessor is interfaced with a

keyboard and a display that allow manual operation of the system.

The other is a general purpose computer communicating with

the system through an RS232 ASCII high speed universal interface.

In operation this interface is used to position the XY table and

receives information regarding the solder joint which is being

analyzed at that particular moment.

The main processor software permits one to describe and to

record on tapes or disks new board configurations and to analyze

and to make decisions on the qualities of the solder joints them-

selves.

The reason for a system with two processors is to give

the system and thus the user the greatest flexibility. As a

matter of fact, different users may have different requirements or

needs. Some, for example, may already have their own general

purpose computer. Others may require some sophisticated computer

peripherals, and so on.
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The application software of the main processor is written

in Fortran so that changing computers becomes easy. In fact

*any computer with 64KB and a Fortran compiler can be connected to

the system and can make it run. Besides, one may add to the

,* program in order to fit some particular needs. Some user could,

for example, want to develop statistics concerning failures or

to analyze possible manufacturing problems.

SYSTEM OPERATION

The procedure for inspecting printed circuit boards with

* the Laser/INSPECT System consistsof several steps.

First of all, it is necessary to prepare a profile for each

type of printed circuit board that has to be inspected. This is

done by assigning a number to each component of the board and

then by introducing the coordinates of the first and last pin on

each component. The position information is automatically entered

with the component number. Then all data are arranged and memorized

in a file that will serve as a guide to follow during the inspection

process of boards with that particular configuration.

Once the pattern of a type of board is ready, it is necessary

to define the ideal temperature values and tolerances of each

solder joint contained in it. This is done by scanning a certain

number of reference quality boards. During each reference scan,

the detected temperature values are stored into a disk file.

*When all scanning is over, the main processor reads back the disk

files, computes a mean and a tolerance for each solder joint and

stores them on the board profile already prepared.
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Now the Laser/INSPECT System is ready to test any unknown

quality board with that particular pattern. It will be sufficient

to place the board in the correct position on the XY table and

to start the system. One by one, all joints' effective infrared

signatures will be compared with the data contained in the

profile and in case an abnormal temperature value is detected the.

location of the presumably defective joint is memorized and

later (when the testing is over) displayed on a peripheral device. S
In such a way it is easy once the inspection process is over to

find and repair all defective joints.

To facilitate the pointing out of the faulty joints to the

repair operator, a dye marker could be applied at or near the

joint itself. Eventually also several other methods could be

devised for the visual display of the exact defective joint

* locations. In any case, once their coordinates are known, suspect .. .

solder joints can be easily brought into visual observation by

manually moving the XY table.

THE XY BOX

Figure 15 shows the operator panel of the Laser/INSPECT

System from which the mechanical and optical functions can be

manipulated.

It is seen that this operator panel comprises several sets

of push buttons.

The set on the left must be used for entering position

information during profile preparation or for bringing a suspect

.v _-.._." " " _. .2 .". . - - " . -' " .. ". '~**."- *.'- " -. " .*.*.. -*.* .-..- -.... -- -. .- .- <- ". :
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solder joint into view for visual observation. Four of the push

buttons are associated with the XY table axes; these are X, AX,
%1

Y and AY. The X and Y commands always display the current
"V

position while the AX and Y commands cause a changing of the

values of the table position relative to its current position.

The other commands of this set are useful when testing and in

manual operation of the system. The set on the right serves for

"jogging" or moving the table continuously. All front panel

operations of the instrument can be simulated via the computer

interface similar to an IEEE 688 operated instrument. However,

that is where the similarity ends. The interface is ASCII

serial instead of ASCII parallel and contains no hardware and

handshaking as in the IEEE 688 interface. The commands are coded

ASCII characters with their associated handshake or rozponse.

The computer program that regulates the operator board is

written in PLM, a high level stiucture language. As can be

seen from the brief flow chart shown in Figure 16 the program

has two states. It can either run a loop and execute the jog

functions or it can serve an interrupt. Interrupts can be started

by key commands, key data and the computer to computer interface.

The latter have the highest priority and initiate the same routines

as the key command interrupts.

SIGNAL PROCESSING SOFTWARE

There are two types of board scan commands. One is used on

the reference quality printed boards to input all thermal

information necessary to create first the data file and then the

.f ...-..... V - c% . - °.:J . •: . . .. ::.:K'''..'v '..-.: .". : ->. . - * , - " -'" ... * .. , . '- .-- ...* * . -. "
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board file. The other is used in actual production to scan

unknown printed circuit boards that have to be compared with

the reference profile.

Most commands are associated with the preparation and updating

of board profiles. As a matter of fact, for this operation it is

necessary to identify all components and to enter information

about the locations of their first and last pins and the number p
of pins themselves. Only then if the components are laid

perpendicular to the board edge, the computer will be able to

compute their orientations and all other information needed.

There are two different methods of entering the pin locations.

The first is direct and implies that the XY coordinates of the

location points referenced to the corner of the printed board are

known. This information can be obtained either from the drilling

tape or scaled from the artwork.

The second method is based on the use of a low power visible

* HeNe laser as a pointer. It consists in manually spotting and

jogging the printed circuit board on the XY table. Both methods

allow one to add or delete components by number. Using the

keyboard it is also possible to manually recompute or modify

the profile limits.

Profiles can be displayed at any time and in two different

formats. One is a format that shows names, locations, size and

tolerances for each pin of the components.

The other is a short format that shows only names, locations

and sizes. During the actual inspection process the Laser/INSPECT

* * .. :::. .
°
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System examines the solder joints of the printed circuit board

one at a time. The procedure is always the same: during the

laser pulse the joint's thermal data are read by the infrared

detector and delivered to the general purpose computer that makes

its decision about the joint's quality and sends instructions

for the inspection of the next joint.

The main computer decisions about the joint are displayed

or printed on peripheral devices, but in any case all data may

be stored on a disk and retrieved when needed.

The printing of the data collected from the board can be "'.-

done either in an absolute or in a comparison format.

The absolute format produces a report on all solder joints,

while the comparison format causes the printout of the suspect

solder joints only.

There is a set of commands also for data retention and

retrieval for both data and profiles.

LASER DAMAGE PREVENTION

Most substrate materials are more highly absorbent of the

infrared laser beam than is anormal solder joint. Should there be

a small programming error in the position of a given joint or

should some system malfunction occur, a part or all of the laser

beam could impinge on the board material. Discoloration and char-

ring can result within 10 or 20 milliseconds, increasing absorption

further and causing a runaway heating situation in which the

board can sustain severe local damage. The same can be true if

a properly positioned test joint holds any foreign matter on its

surface.

.~~~~. .. ..
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In any case, such laser damage is preceded by an abnormal

rate of temperature rise, with the infrared detector observing

excessive thermal signals and their time derivatives several

milliseconds before the onset of actual damage. (Detector

response times of the order of microseconds are typical.)

A separate logic circuit has been implemented to close the

laser shutter prematurely when abnormally high thermal signals

are seen. The threshold level for closure is adjusted to be

somewhat higher than the highest thermal peak which would normally

be seen in a defective solder joint and yet low enough to be

below the damage level for ordinary materials. Moreover, an

anticipation circuit further lowers the threshold if the thermal

signal rise rate is excessively high. The shutdown signal is

delivered to the shutter control within microseconds of the thres-

hold being reached. The mechanical action of the electromechanical

shutter in present use requires just over one millisecond to

block the laer beam. Thus far, this has been sufficiently fast

to prevent all laser damage to boards.

TYPICAL APPLICATION AND COST

The average inspection speed of the automated system is

many times faster than that of the human inspector. The principal

advantage of the system, however, is that it is a more reliable

decision maker than the inspector. Moreover, the inspector's

judgment is always limited to the visible features of the items.

-..



The potential cost/effectiveness of an operational system

is illustrated by a hypothetical case. Assume that a given

military circuit board manufacturer produces 30,000 boards a year

costing $1,000 each or $30,000,000 ayear to produce. Several

such producers report that about 9% of the total production

cost is for solder joint inspection. For our hypothetical case

that is $2,700,000 a year, almost entirely for labor. Inspec-

tion labor costs about $27,000 annually per person, including

benefits and overhead, so up to 100 inspectors and supervisors

are needed to do the job.

Visual inspection of military board solder joints is slow

and tedious averaging only 10 joints a minute. Laser/INSPECT

can easily inspect two joints per second, and more, or 12 times

faster than the human inspectors. Put another way, one Laser/

INSPECT can replace 12 inspectors.

To allow for some supervision, an operator and to make the -.

math easier, say we only replace 10 inspectors. That means our

hypothetical company will need 10 Laser/INSPECT Systems to replace

all 100 inspectors for a one-shift operation. For two and

three shift operations, only seven or four systems are needed

respectively.

If each Laser/INSPECT System costs $200,000 complete and

installed, payback rate per year for our hypothetical company

from labor savings alone is:

I Shift

labor savinas $2,700,000
equipment cost (10 systems 2,900,000

............ ~~~~~~~~~~~~..... . . . . . . . . ........ " (md :,, "" _-, -" /.,-"-...'"
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2 Shift

labor savings _$2,700,000= 193% or 6 mo.
equipment cost (7 systems) 1,400,000

3 Shift

labor savings $2,700,000sav~ns e 'uu'v =300% or 4 mo.

equipment cost (4 systems) $800,000

Add to labor savings the warranty cost savings possible with

consistent and objective Laser/INSPECT inspection and there can

be no doubt which way to go.

PC
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Printed Wiring Board

Plating Tank Control And Test

The types of hardware processed in the plating and process tanks at

General Dynamics, Pomona Division include metal castings, machined parts,

rigid and flexible two sided and multilayer printed circuits and ceramic

hybrid microelectronic substrates.

Before the computer system was established in 1972 there were 65 tanks

with 131 parameters being controlled by chemical analysis in two locations

in the factory building. At the present time, there are 83 tanks with

183 parameters being controlled in three locations in the factory and in

two locations in Engineering. A record of all analysis and corrective

actions taken must be maintained for all tank parameters for a least one

year.

It took from one to 24 hours to make corrective actions after an

analysis on a given tank was completed. The reason for this was that all

corrective actions were manually calculated. There were a total of five

people performing analysis, making calculations, making solution adjustments

and plotting the solution control charts for the 65 tanks. No out-of-

tolerance or other types of overall performance reports were prepared from

the data. The percentage of tanks found out-of-tolerance when analyzed

averaged 28 percent in 1971.

Computerized chemical process control system uses two computer systems:

a batch system and an on-line timeshare system. The batch system is used to

plot solution control history charts, record corrective action taken, perform

statistical calculations on the solution analyses, prepare daily solution

analysis and tank maintenance schedules for each employee on each shift and

prepare daily tank out-of-tolerance reports with it accompaning week!y summary.

*.. T
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The timeshare system calculates solution analysis results from raw data, IL

calculates required corrective action to bring concentrations to within

specified control limits and causes cards to be punched for input into the

batch system. A flow chart representing the computer system can be seen

in Figure 1.

Working from the daily solution analysis schedule (Figure 2), an

analysts will perform a variety of tests, both physical and chemical on

solution, a plating deposit or some other parameter that would indicate

tank activity. The raw data from these tests are recorded directly on

the schedule.

The solution control analysis and corrective action list (Figure 3)

is prepared from raw analysis data obtained by the chemical analyst and is

printed on a computer timeshare terminal. Raw data such as milliliters of

standard solution used in a volumetric analysis are typed into a timeshare

terminal. The computer processes the raw data, calculates final analysis

values, compares these values with corrective action limits, and calculates

chemical additions or dilutions as required to maintain the solutions within

the preselected limits. The results of all these calculations are printed

immediately on the teletype terminal. The data tape can be punched in

about 15 minutes, and the computer calculations and print-out on the teletype

take about 12 minutes. The chemist responsible for chemical control of the

solutions reviews the printed list and makes any changes necessary. The

list then is given to the technician who makes the required solution adjust-

ments.

The computer program includes the ability to calculate a dilution and

determine its effect on all parameters in the tank, and then calculate

additions for all parameters that are put below the lower corrective action

limit by the dilution. The program will determine if liquid additions are

too large to add without removing some solution. If some solution must be

-2-



removed, the program calculates the optimum amount to remove, and the amounts

of the liquid and solid concentrates to add to adjust the parameters to their

optimum values.

The analysis and any corrective action taken are then made part of the

solution control history chart. .

The solution control history chart (Figure 4) is a graphic display that

plots analysis values by M-day. The M-day scale is shown on the ordinate

and the analysis scale on the abscissa. Descriptive information about the .-*,.?

tank and solution parameter, such as code number, description, tank volume,

manufacturing process specification (MPS) on which tank is used, solution

parameter specification limits and tank location, are given in the heading.

The mean value of all points plotted is shown as a dashed line across

the middle of the graph and its value is indicated as the middle value on

the abscissa. The upper parameter specification limit is shown as a series

of U's and the lower limit as a series of L's across the graph. Initial

analyses points are indicated with an A, retest values with an R and multiple

analyses with approximately the same value obtained on the same M-day are shown

with an M.

The results of various statistical calculations are shown at the bottom

of the chart. These include - three siqma statistical limits (UCLX and

LCLX) about the latest week's mean value, six sigma range between these

limits (range between limits for individuals) and corrective action limits.
! 3 A..

Corrective action limits are obtained by adding the mean moving range, R,

to the lower parameters specification limit and subtracting it from the

upper specification limit. Thus corrective action lirits are affected by

), the average analysis-to-analysis changes caused by analysis errors, usage

of the solution and accidents.

The process engineer uses the corrective action limits as a guide to

decide when to adjust the solution parameter concentration to keep it within

* -- I:3



the specification limits when it is next analyzed. He makes a chemical

correction whenever these limits are exceeded. The mean value of all analyses

up through last week and net change in the mean for this week also are shown

here. The days on which the solution parameter is analyzed are shown at the

bottom of the chart. A list of solution analyses and corrective actions by X4

M-day accompany every parameter that is controlled (Figure 5).

The daily out-of-tolerance report (Figure 6) shows tank solution para-

v. meters that are outside of the solution parameter specification limits on

* each M-day. It lists the actuals reading and the limits. The process
I

• engineer and management use this list to detect parameters that are difficult

to control within the specification limits.

The weekly out-of-tolerance summary indicates by M-day the number of

tanks analyzed, number of tanks out-of-tolerance (i.e., that do not meet

the parameter specification limits) and the percent of tanks out-of-tolerance.

Five-day moving averages are calculated from the daily number and percent of

tanks out-of-tolerance, and are used to measure solution control performance .

over a long period of time. The effects of various actions taken to improve

solution control efforts are revealed quickly by changes in the five-day .

moving averages.

The following benefits were obtained using the computerized system.

0 Total time for maintaining solution control charts was reduced
from 4 hours/day to 1/2 hour/day for manual labor and 15-20
minutes/week for computer run time. Charts are currently
maintained for 183 parameters in 83 tanks.

o Reduced the percentage of tanks found out-of-tolerance when
analyzed from an average of 28% and high of 54.5% in February
1971 to average of 5,a and a high of 8.7% in February 1972. The
average for 1981 was 6.1% out-of-tolerance.

o Improved the use of the chemical analyst's and process engineer's
available time each day. This had been done by adjusting the
daily analysis schedule so that a more uniform number of tanks
are analyzed each day. Before the computerized solution control
system was installed, the number of tanks analyzed/day ranged
from 12-28. Now average 27-5 tanks/day and the number ranges
from 22-34 (9/81).

-4-



0 Visibility of problems (inadequate control limits, erroneous
analyses, new employee training, etc.) and assoicated weekly
summary.

o The statistical calculations are used to determine when to
increase or decrease analysis frequency and to evaluate effects
of analysis methods.

o Eliminated many errors made when adjusting solution concentration
caused by calculation errors. ,P

0 The corrective action limits are used by the solution calculation
program to decide whether to make an adjustment in solution
concentration.

0 A maintenance checklist has been generated to complement the .',.
chemical and physical testing. This checklist has the analyst
verify tank configuration, solution level, equipment operation
and cleanliness.

0 An increase in the quantity of records to be kept is easily
handled. The growth in the plating areas during the past ten
years resulted in 65 tanks becoming 83 tanks while 131 parameters
expanded to 183 chemical and physical analyses. Additionally,
150 tank maintenance records are kept along with 50 waste treatment
facility records.

The following cost savings were analyzed (1972 dollars):

o Net savings due to computer preparation of solution control

charts
charts $11,166.00 "-•

o Net savings due to computer calculation of analyses and _
solution adjustments. 5,076.00""

0 Net savings due to reduced number of tanks found out-of- 1%"

control when analyzed and elimination of supervision of
additions by process engineer. This number dropped from
6 to 3 per day due to the application of computer
calculated corrective action limits. 156,935.00

Total Savings 173,177.00

Cost of Writing and Testing Programs 5,402.00

Net Savings $167,775.00

*.1
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Our future plans include a purchase of a laboratory disc-based microcomputer.

This will allow us to put both the Batch and Timeshare programs together. This

will place all records on-line, will eliminate printing of 770 pages of reports

per week, will enlarge our storage capacity to two years on disc and will

eliminate the use of keypunched cards.

This proposed system will then be the foundation for a printed circuit

board facility where analyses, calculations, tank adjustments, plating current

and voltage settings and record keeping are all performed by a computerized, .

automated system.
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DOD-STD-2000-1

FOREWORD

1. Electrical/electronic equipment and systems used in military
applications are continuously becoming more diverse, complex, and sophisticated
yet smaller, lighter, denser in internal packaging, sturdier with respect
to environment, and more reliable with respect to both function and
service life. Such changes in technological posture mandate both definition
and standardization.gf connections and wiring in military electrical/ i .
electronic equipment.

2. This standard not only provides for communication between
designers, fabricating personnel, and inspectors but also provides for
uniformity of soldering processes whether such are manual or automated
procedures or whether such are accomplished by any of the many organizations
engaged in the production of military electronic equipment. Criteria of
this standard are not directed to end-item products per se but are
instead directed to part/component solder connections and wiring essential
to the said end-item products and should be implemented in conjunction
with appropriate documents.

3. This standard addresses that spectrum of solder connections
normally defined as standard and miniature, and provides technical
criteria essential to electrical connections and wiring within equipment
fabricated by or for the Department of Defense. Requirements for microminiature
soldering applicable to connections in thin- and thick-film microelectronic
assemblies are not specifically defined but are imposed through callout
of MIL-M-38510.

4. It is recognized that solder processes other than stipulated
herein exist or may exist in the future but it is intended that the
requirements of this standard be extrapolated to such noncovered processes
insofar as practicable.

°..
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1. SCOPE

1.1 Applicability. This standard is applicable to
soldering processes for high qua.lity/high reliability electrical/electronic PI-.
connections on guided missiles, aircraft, avionics systems, communication
equipment, satellites, shipboard weapons systems, ground vehicle equipment,
and program critical ground support equipment.

1.2 'lassification. The soldering processes specified

herein are of the following types.

a. Manual (5.1) Z

b. Automated (5.2)

.p
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2. REFERENCED DOCUMLENTS

2.1 Government documents.

2.1.1 Specifications, standards, and handbooks. Unless
otherwise specified (see 6.), the following specifications, standards,
and handbooks of the issue listed in the current Department of Defense
Index of Specificatigns and Standards (DODISS) and the supplement thereto
(if applicable), form a part of this specification to the extent specified pg
herein.

SPECIFICATIONS

FEDERAL

O-E-00760 Ethyl Alcohol (Ethanol) Denatured Alcohol,
Proprietary Solvents and Special Industrial
Solvents

O-T-236 Tetrachloroethylene (Perchloroethylene), Technical
Grade

QQ-S-571 Solder, Tin Alloy, Lead-tin Alloy and Lead
Alloy

TT-I-735 isopropyl Alcohol
U

MILITARY

MIL-I-7444 Insulation Sleeving, Electrical Flexible

MIL-F-14256 Flux, Soldering, Liquid (Rosin Base)

MIL-I-22076 Insulation Tubing, Electrical Nonrigid, Vinyl,
Very Low Temperature Grade

MIL-I-22129 Insulation Tubing, Electrical Polytetrafluoro-
ethylene Resin, Nonrigid

MIL-P-28809 Printed Wiring Assemblies

MIL-I-23053 Insulation Sleeving, Electrical, Heat Shrink-
able, General Specification for

MIL-M-38510 Microcircuit, General Specification for

MIL-P-46843 Printed Wiring Assemblies

MIL-P-50884 Printed Wiring, Flexible, General Specification
for

2
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SPECIFICATIONS (Continued)

MILITARY (Continued)

MIL-P-55110 Printed Wiring Boards

MIL-C-81302 Cleaning Compound, Solvent, Trichlorotrifluoroezhane

MIL-T-81533 Trichloroethane 1, 1, 1 (Methyl Chloroform)
Inhibited, Vapor Degreasing

MIL-M-83436 Multiwire Interconnection Boards (Plate-through
Hole)

STANDARDS

MILITARY

MIL-STD-202 Test Methods for Electronic and Electric Component
Parts

MIL-STD-275 Printed Wiring for Electronic Equipment

MIL-STD-429 Printed Wiring and Printed Circuit Terms and
Definitions

MIL-STD-1389 Design Requirements for Standard Hardware
Program Electronic Modules

DOD-STD-1686 Electrostatic Discharge Control Program for
Protection of Electrical and Electronic Parts,
Assemblies, and Equipment (Excluding Electrically-
Initiated Explosive Devices)

DOD-STD-1866 Soldering Process, General (Non-Electrical)

DOD-STD-2000-2 Acceptance Criteria for High Quality/High

Reliability Soldering

DOD-STD-2000-3 Component Mounting, Handling and Storage,
Printed Wiring Board

HANDBOOKS

MILITARY

DOD-HDBK-POA Soldering of Electrical and Electronic Connections

(Copies of specifications, standards, handbooks, drawings, and
publications required by contractors in connection with specific acquisition
functions should be obtained from the contracting activity or as directed
by the contracting officer.)

3
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2.2 Other publications. The following document(s) form
a part of this specification to the extent specified herein. The issues
of the documents which are indicated as DOD adopted shall be the issue
in the current DODISS and the supplement thereto, if applicable.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

AST'- D 1193 Reagent Water
5..!

(Applications for copies should be addressed to the American Society
for Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.

CFR, Title 29, Code of Federal Regulations,
Part 1900 to 1919, Occupational Safety and Hcalth Administration,
Chapter JII Department of Labor I

(Application for copies should be addressed to the Superintendent of
Documents, US Government Printing Office, Washington, DC 20402.)

Industrial Ventilations, Manual of Recommended Practices

(Application for copies should be addressed to: Committee of
Industrial Ventilation, P.O. Box 16153, Lansing, MI 48902.)

4p
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3. DEFINITIONS

3.1 Terms and definitions. The definitions applicable
to this standard shall be in accordance with MIL-STD-429 and the following
additions and modifications.

Term Definition %

Coining

Ground A point of common potential in an electric
circuit used for common connections and
reference voltages.

High quality/high A soldering technique whereby the probability
reliability soldering of obtaining perfect metallic joining,

product cleanliness, and optimum electrical
conductivity without damage to components or
equipment has been statistically proven.
These statistics are obtained by using
controlled processes, environments and
facilities, approved applications, and trained
certified personnel.

Hook terminal A terminal formed in a hook shape.

Lead A length of insulated or uninsulated solid 5
or stranded wire used for electrical
interconnection.

Mechanical wrap The securing of a wire or the lead -'

of a component around a terminal
prior to the soldering operation.

Perforated or pierced A terminal containing a hole through which

terminal leads or wires are placed before soldering.

Plated soldering A solid copper tip that has been plated
iron tip or clad with iron, nickel, chromium,

or similar metal that will extend the
service life of the tip.

Solder cup A hollow, cylindrical terminal, open on
one end to acconmodate one or more leads
or wires.

5
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Term Definition

Step soldering Technique for sequentially soldering

connections on the part or terminal
without impairing any of the prior connections.
The first connection is made with a solder
alloy having a higher melting temperature.
The next is made with a solder alloy
having a lower melting temperature.
Additional solder connections are made
with solder alloys having successively
lower melting temperatures.

Stress relief The forming of a slight curve in the leads
of components to avoid stress between
terminations.

Transfer soldering A process wherein a measured amount of
solder in the form of a ball, chip, or
disc is picked up on a specially
configured tip of a hand soldering iron
and transferred to the prefluxed element
of a connection to be soldered. The

process was initially designed for
soldering leads of planar mounted devices
and miniature through-board connections
and is equally suitable for other
connections as well.

6
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4. GENERAL REQUIREMENTS

4.1 Acceptance criteria. Acceptance requirements and
illustrations for use as comparison criteria for high quality/high
reliability soldering shall be in accordance with DOD-STD-2000-2.

4.2 Visual inspection. One hundred percent visual
inspection of all soldered connections and assemblies shall be performed
using the magnification aids of paragraph 4.11.3.5. The soldered connections
and assemblies shall conform to the requirements specified herein.

4.3 Conflict. In the event of any conflict between the
requirements of this standard and the applicable engineering drawing(s),
one copy each of the drawing(s) shall be submitted to the contracting
officer or his designated technical activity with information justifying
the deviation(s), and with a request for approval of the deviation(s).
When approved, the provisions of the engineering drawing(s) shall govern.

4.4 Hybrid microelectronic modules and assemblies.
Hybrid microelectronic processing, modules, and assemblies shall be in
accordance with MIL-M-38510.

4.5 Multiple termination modules. Acceptance criteria
for Multiple Termination Modules (MTMs) shall be in accordance with
DOD-STD-2000-2.

4.6 Standard electronic modules. Acceptance criteria
for Standard Electronic Modules shall be in accordance with
MIL-STD-1389.

4.7 Multiwire interconnection design. Multiwire Intercon-
nection Boards shall be in accordance with MIL-M-83436. Solder connections
of assemblies incorporating multiwire interconnection boards shall be in
accordance with detailed requirements herein.

4.8 Non-electrical soldered connections. Soldered
connections utilized to join surfaces in non-electrical applications
shall be in accordance with DOD-STD-1866.

4.9 Electrostatic discharge. Electrostatic sensitive
devices, assemblies, and equipments shall be protected in accordance k
with DOD-STD-1686 at all times.

4.10 Vapors control. Areas used for cleaning parts and
areas where toxic or volatile vapors are generated shall employ a local
exhaust system for removing air contaminants from the area in which they
are generated. The exhaust unit utilized shall be in accordance with
the recommendations or guidelines of the "Industrial Ventilation Manual
of Recommended Practices" and applicable OSHA requirements.

7
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4.11 Facilities, tools and equipment.

4.11.1 The soldering facility.

4.11.1.1 Environmental controls. An enclosed soldering

facility, maintained at a slight positive pressure, shall be required if

the soldering area is not air conditioned.

4.11.1.2 Temperature and humidity. The temperature shall be
maintained at 240 C plus or minus 5°C (750 F plus or minus 90 F) and the
relative humidity shall not exceed 65 percent. When humidity is 30
percent or lower the requirements of 4.8 shall be emphasized.

4.11.1.3 Cleanliness. Work areas shall be maintained in a
clean and orderly condition. All dirt, grease, flux, solder spatter,

' chips and other contaminating foreign material shall be promptly removed.
Eating, smoking or drinking at the soldering work station shall not be
permitted, and precautions shall be taken to preclude contamination by
prohibiting products of such activities from the work area.

4.11.1.4 Lighting. Working surface lighting of soldering
stations shall be 100 foot-candles minimum (1077 Lm/m-).

4.11.2 Soldering tools. Tools used in the soldering process
shall be cleaned prior to use and shall be free of dirt, grease, flux,
oil and other foreign matter and shall be kept clean during use.

4.11.2.1 Thermal strippers. Thermal strippers utilized to

remove insulation from stranded and solid conductor wires shall be of a
type that can be regulated to provide the required temperature. (See
figure 1.) Temperature controls shall be sufficient to prevent damage
to the wire or unstripped insulation.

4.11.2.2 Mechanical strippers. Mechanical strippers utilized
to remove insulation from stranded or solid conductor wires may be of
the hand operated or automatic high-volume machine type. Hand-operated
strippers shall be of a fixed-die configuration (see figure 2). Automatic
high-volume machine strippers shall be of a type utilizing either fixed
dies, dies adjustable to calibrated stops, or roller cutters adjustable
to calibrated stops. Dies, whether adjustable or fixed, shall be properly
maintained to assure consistently sharp and even cuts without damage to
the wires or unstripped insulation.

4.11.2.3 Chemical strippers. Chemical solutions, pastes, and
creams used to strip hookup and magnet wires shall be suitable for
removal of the insulation to be stripped and shall be limited to those
that: (1) cause no degradation of the base metal of the wire; and (2)
allow wires or conductors to be neutralized and cleaned of both ionic

and non-ionic contaminants.

• ~~~~~~~~~~...-....v........ ..v.. .. v........ ........ ........... ....... .....,•. ........ :: ... .....
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4.11.2.4 Wire and lead cutting tools, Tools used to cut
component leads shall not cause damage to those components. Shear type

rotary cutters or tooling which cuts squarely without leaving burrs,
excessive ridges, or sharp points on the leads shall be used. Holding
fixtures shall be used to absorb any shock which might otherwise be
transmitted to the component.

4.11.2.5 .Clinching tools. Clinching tools or clinching
devices shall be of such design and made of a material which will not
cause damage to printed wiring boards, printed circuitry, and component
leads or components mounted thereon.

4.11.2.6 Anti-wicking tools. Anti-wicking tools shall be of
a type marked with conductor gage size.

4.11.2.7 Bending tools. Bending tools used for component
wire or lead bending may be automatic or hand implements and shall be of
a material that will not cut, nick, or otherwise damage solid or stranded
wires, leads, any integral insulation or any other insulation or insulators
added prior to the bending operation. Bending tools shall impart no
stress to the component bodies or seals.

4.11.3 Soldering equipment. Soldering equipment shall not
produce levels of electromagnetic, electrostatic, electromechanical,
electrical or other forms of energy which will be detrimental to the
item(s) being soldered. Protective devices to prevent potential differences
greater than 2 millivolts (mV) shall be used when voltage sensitive
devices are being soldered. Transformer type soldering guns shall not
be used.

4.11.3.1 Solderins irons. The size and shape of the soldering
iron and tip shall permit soldering with maximum ease and control without

causing damage to adjacent areas or connections. The soldering iron or
resistance heating element shall heat the connection area rapidly and
maintain proper soldering temperature at the connection throughout the
soldering operation.

4.11.3.2 Soldering iron tips. The soldering iron tips or
resistance soldering element shall be sized to the operations involved.
Soldering iron tips shall be made of commercially pure copper, tellurium
copper, or lead copper and shall be plated/coated with another metal
that prevents degradation of the tip in molten solder.

4.11.3.3 Soldering iron holder. A soldering iron holder
satisfactory for the soldering iron utilized shall be provided. The
holder shall leave the soldering iron element and tip unsupported.

-, -
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4.11.3.4 Solder pots. golder pots shall be capable of maintaining
the solder temperature within +5.5 C (+10 0F) of the preselected temperature
specified in 5.1.2. Solder pots shall be grounded. I.

4.11.3.5 Magnification aids and lighting. Magnification aids
used for assembly and inspection shall be commensurate with the size of
the item being processed and conform to the following requirements:

a. Magnification aid of 2X to 4X, for use during
the assembly and inspection of other than solder connections.

b. Magnification aid of 4X to lOX, for use during
the inspection of solder connections.

c. Be suitable to permit inspection of each solder
connection in its entirety.

d. Utilize only glass optical elements.

e. Light source for shadowless illumination of the
area being viewed. A clear incandescent light shall be used for detection
of nontinned copper.

4.11.3.6 Thermal shunts. Thermal shunts shall be of such
material, size, shape, and design as to permit rapid application and
removal with minimum interference to the soldering procedure, and to
facilitate rapid heat dissipation from the area being soldered.

4.12 Machine soldering systems. Machine soldering systems
shall be of the automatic or automated type of such design to provide
(a) a capability for preheating printed wiring assemblies to within 380 C
(100 .) of the soldering temperature immediately prior to contact with
the molten solder; (b) the capacity to maintain the temperature at the
printed wiring assembly within +5.5 0C (+10°F) of the established bath
temperature throughout the span of any continuous soldering run; (c) an
exhaust system (either integral or separate) (see 4.10) adequate to
assure conformance with applicable OSHA health and safety requirements.

4.13 Carriers. Devices used for the transport of printed
boards through preheat, soldering, and cooling stages shall be of such
material, design, and configuration that they shall not contaminate,
mar, or otherwise damage the printed board nor transmit sufficient
vibrational or shock stress from the conveyors or other such mechanisms
to cause board, part, or component degradation.

4.14 Soldering equipment for reflow soldering of planar
mounted components. The soldering device and machine used shall be of
such design to rapidly heat the surfaces to be joined and shall have the
capacity to maintain the correct temperature during repetitive solder
operations with a maximum temperature variation of +5.5 C (10 F) from

10
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the nominal soldering temperature. The heat source shall not cause . <"

damage to the board or components or contaminate the solder when direc"
contact is made between the heat source and the metals to be joined.
Reflow soldering equipment includes those which utilize parallel-gap
resistance, shorted-bar resistance, hot air, infrared or thermal transfer
soldering techniques.

4.15 .Cpndensation (Vapor Phase) reflow. The condensation
(Vapor Phase) reflow system shall be mechanized to provide for smooth
transition of the work piece. The nonflammable, inert, chemically and
thermally stable liquid used to produce the vapors shall be maintained
to produce consistent high quality metallurgical bonds. The level of
vapor in the equipment shall be controlled so that the dwell-time of the
work piece is minimal while insuring that the solder and work piece have
reached a temperature sufficient to produce the metallurgical bonds.

4.16 Materials. Materials used in the soldering processes
stipulated in this standard shall be as specified herein. It is possible
that the materials and processes specified may in some combinations be
incompatible. It shall be the responsibility of the manufacturer to
select those materials and processes that will produce acceptable high .

quality/high reliability products.

4.16.1 Solder. Solder composition Sn60, Sn62, or Sn63,
solder form optional, conforming to QQ-S-571 shall be used. Sn5, SnlO,
or Sn96 may be used for high temperature soldering. Cored fluxes shall
be type R or RMA. Type RA flux of QQ-S-571 may be used only if approved
by the procuring activity.

4.16.2 Flux. Rosin based fluxes conforming to types R or
RMA of MIL-F-14256 shall be used for making soldered connections. Other
types of fluxes shall not be used except by approval of the procuring
activity.

4.16.3 Solder creams (paste) and solder preforms. Solder "-
creams (paste) and solder preforms shall meet the requirements of 4.16.1
and 4.16.2.

4.16.4 Cleaning solvents. The solvents or aqueous cleaners
used for removal of grease, oil, dirt, flux, and other debris, shall be
selected for the ability to remove both polar and nonpolar contamination.
The solvents or cleaners used shall not degrade the materials or parts
being cleaned. Flux solvents used in solder creams (paste) shall not be
harmful to the work piece or solder joint and must be easily removed
after the soldering operation. A list of typical solvents are:

Solvent Specification

a. Ethyl alcohol (Ethanol) O-E-00760

b. Trichlorotrifluoroethane MIL-C-81302

1.. ..... w -"
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Solvent Specification

c. Isopropyl alcohol TT-I-735

d. Perchloroethylene 0-T-236

e. 1, 1, 1-Trichloroethane MIL-T-81533
(vapor degreasing)

f. Reagent water (Type II) ASTM D 1193

g. Detergent cleaners As approved by the
Government procuring
activity

h. Thinner, paint, mineral TT-T-291F

spirits

Mixtures of solvents may be used. Solvents used shall be selected for
compatibility with the materials being cleaned. To prevent contamination
of parts and to provide for personnel safety, areas for cleaning parts,
and areas where toxic or volatile vapors are generated, shall have an

exhaust system to remove the vapors as they are generated (see 4.10).

4.16.5 Tubing. Polytetrafluoroethylene tubing shall conform
to MIL-I-22129.

4.16.6 Heat shrinkable tubing. Heat shrinkable tubing
shall conform to MIL-I-23053.

4.16.6.1 Heat source. Devices used for shrinking heat shrinkable
tubing shall be temperature controlled to prevent damage to components.

4.16.7 Extruded vinyl plastic tubing. Extruded vinyl
plastic tubing shall conform to MIL-I-7444, type I, or MIL-I-22076.

4.16.8 Printed wiring boards. Printed wiring board (PWB)
design shall conform to MIL-STD-275 and MIL-P-55110.

4.16.9 Flexible printed wiring. Flexible printed wiring
shall conform to MIL-P-50884, Type B.

4.16.10 Storage containers. Containers shall be of a material
that does not introduce gases or chemicals that could be detrimental to
the solderability of the printed wiring board or its components. Bags
or containers shall not be made of silicones, sulphur compounds, polysulphides,
or be processed with these or other detrimental compounds.

4.16.11 Wiping pads. Cellulose sponge pads for wipe-
cleaning the soldering iron tip shall be finely textured, and of low
sulphur content.

12
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4.16.12 Maskant. The maskant material shall keep masked
areas free of solder and shall not degrade mounted parts. When removed
after soldering, the maskant shall leave no residues or contaminants.

A maskant compatible with all PWB requirements, including contamination,
conformal coating, and residue, need not be removed. .-

4.17 Solderabilitv.

4.17.1 "Tolderabilitv of leads and terminals. Leads and
terminals of all components and end caps of chip components, shall be
tested and conform with the solderability tests specified in MIL-STD-202,
Method 208, within 120 days prior to being soldered into an assembly.
Component leads, terminals and end caps shall either be pretinned with a
solder coating process to provide a minimum of 0.0001 inch to a maximum
of 0.0004 inch thickness on the lead or, if held in storage beyond 120 -.-

days, they shall be solderability tested and conform with MIL-STD-202, .
Method 208, prior to release for production.

4.17.2 Solderability of boards. Printed wiring boards
shall meet the solderability requirements of MIL-P-55110.

4.18 Preparation for soldering.

4.18.1 Insulation removal. Insulation shall be removed
from wire conductors by one of the following methods, using the tools
specified in 4.10.2.

4.18.1.1 Thermal. Thermal type insulation strippers are p
preferred for wires of size 20 and smaller.

4.18.1.2 Mechanical. When extruded insulation is removed
using a mechanical stripping tool, the lay of the wire strands shall be
restored, if disturbed, without using bare finger contact. A device

that utilizes fiberglass stripping wheels may be used for magnet wire.

4.18.1.3 Chemical. Insulation removal from magnet wire shall
be accomplished by the use of chemical stripping agents, in accordance

with the manufacturer's recommendation.

4.18.1.4 Solder dip. Polyurethane or similar type coatings
may be removed by dipping the insulated wire to the required depth into
a solder pot at the temperature recommended by the manufacturer. Stripping
of solder strippable magnet wire (with polyurethane or similar insulation)

on the termination of coils and windings wound with such wire may be
performed by hot solder application in compliance with the wire manufacturers
recommendations.

4.18.2 Removal of gold from areas to be soldered. Prior to
use gold shall be removed from to-be soldered areas of component leads
and connectors by any of the three tinning methods outlined below and .'
shall be accomplished in such manner to prevent physical or functional
degradation of the component.

13
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Mrthod 1. Statiz bath. Immerse the fluxed gold plated lead in
solder bath nurber one for 2 to 5 seconds.
Only the portion of the lead to subsequently
be soldered shall be immersed. Gold
contamination level in solder bath number
one shall be maintained at less than 4
percent. Immerse the fluxed tinned lead
in solder bath number two for 2 to 5

seconds. Gold contamination in bath p
number two shall not exceed the limits
specified in Table I.

Method 2. Agitated bath. Immerse the fluxed gold plated lead in a
flowing solder bath for 2 to 5 seconds.
Only the portion of the lead subsequently
to be soldered shall be immersed. Gold
contamination in the solder bath shall
not exceed the limits specified in

Table I. - .

Method 3. Special Solder cups, gold plated in excess of
processes. 0.0001 inch, shall be prefilled as follows:

Step 1: Clean solder cups using solvents specified
in 4.16.4.

Step 2: Place sufficient solder in the solder cup to S
completely fill the solder cup, to the
milled lip, after melting.

Step 3: Heat solder cup sufficiently to melt solder and
allow all gases and flux to escape (cups

should be at approximately a 45 degree angle
to prevent entrapment of gases and flux).

Step 4: Remove solder by wicking or extraction device.

Step 5: Inspect inside of cup to ensure complete
tinning of solder cup.

Step 6: Place sufficient solder in the solder cup to

allow proper fillet after wires are inserted
into the cup (see 5.1.12).

Step 7: Head solder sufficiently to melt solder and
allow all gases and flux to escape.

For solder cups that are not gold plated or
are gold plated less than 0.0001 inch, only
steps 1, 6, and 7 are applicable.

14.
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Upon conclusion of the gold removal process, the solder coated portion
of the component lead shall conform to the acceptance criteria of
MIL-STD-202, Method 208. Parts/components may be procured with tinned or
solder coated leads to preclude this operation.

4.18.3 Component lead forming. Component leads shall be
preformed to insertion or attachment configuration before installation
into an assembly using a bending tool as described in 4.11.2.7. The
lead forming process shall not cause damage to the component body or
lead by stressing, nicking or deformation of the lead exceeding 5 percent
of the diameter. Welded leads, when being bent, shall be firmly held by
a suitable tool on the side of the weld away from the component body.
Footed areas of leads coined for planar mounting are excluded from the 5
percent deformation requirement.

4.18.4 Automatic lead forming devices. Automatic lead
forming devices are acceptable. Smooth impressioned marks due to bending
tool holding forces shall not be cause for rejection.

4.18.5 Lead bends. The distance between the body of the
component or weld and the bent section of a lead shall be in accordance
with mounting criteria specified in DOD-STD-2000-3 and acceptance criteria
of DOD-STD-2000-2. Lead bends shall be such that solder fillets shall
not extend into the bend radius.

4.18.6 Stress relief. Wires and component leads terminated
at a solder connection shall have slack in the form of a slight loop or

gradual bend. The bending in the lead shall serve to minimize tensile
or shear forces at the soldered connection. When the stress relief is
in the horizontal plane, the lead shall wrap and shall continue around
the terminal in the same direction as the stress-relief bend (see
figure 3).

4.18.7 Lead trimming. Wires and leads shall be cut to
their proper length prior to final soldering. When leads are cut after
insertion in the printed wiring board, the cutting action shall not
damage the printed wiring board or components mounted thereon. When
automatic lead cutting is performed, a maintenance program shall be
implemented to provide assurance that blades (saws are monitored for
wear, and that the feed system is calibrated to match the needs of the
materials and density of leads being cut. Automatic cutting shall not
bend the lead nor leave sharp spurs on lead ends.

4.18.8 Tinning of stranded wire. Prior to the soldering
operation, that portion of stranded wire to be soldered to another
surface shall be tinned (see figure 4) with the solder penetrating to
the inner strands of the wire. Tinning of stranded wire shall not
obscure the wire contour and the entire stripped end shall be tinned to
within approximately 0.0625 (1/16) inches (1.588 mm) of the end of the
insulation.

4.18.9 PrecleaninR. Items shall be clean or cleaned to
fully accept flux and solder.
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4.18.10 Handling and storage of printed wiring boards.
Surfaces of printed wiring boards to be soldered shall not be handled
with bare hands. If the board cannot be handled without touching its
surface, protective devices such as clean nylon or cotton gloves,
finger cots, or special tooling shall be used. Printed wiring boards
that have been in storage may have absorbed moisture and shall be baked
(see DOD-HDBK-P04) prior to being used in any soldering process.

CAUTION: "finger cots and nylon gloves shall provide
static discharge protection in accordance with
DOD-STD-1686.

4.18.11 Printed wiring board condition. Before components
or terminals are mounted on a printed wiring board, the board shall have
been examined for conformance to the requirements of 4.16.8 and 4.17.2. 1
There shall be no evidence of any of the following defects:

a. Pits, scratches, or inclusions.

b. Separation of the conductor pattern (including
terminal areas) from the base laminate.

c. Blisters in the conductor pattern.

d. Measling/crazing.

e. Delamination of the base material.

f. Wrinkles in the conductor pattern.

g. Dirt, grease, or other foreign matter on the printed
wiring board.

4.18.12 Mounting of component parts. Components shall be
mounted in accordance with DOD-STD-2000-3. Specifically, component/part
leads shall be of the clinched or straight-through configuration in
accordance with the following:

a. Leads in unsupported holes in single-sided
boards (or in any single-sided section of a printed wiring board) shall
be clinched (see figure 5A).

b. Leads in unsupported holes in double-sided
boards (or in any double-sided section of a printed wiring board) shall
be clinched (see figure 5B) or, if the connection is to be step-soldered -.-

in accordance with DOD-STD-2000-1, the leads may be unclinched.

c. Leads in plated-through holes in printed wiring
boards may be unclinched (see figure 6A) unless otherwise specifically
stipulated on the applicable engineering drawing. For the U.S. Army
Missile Command, all leads shall be clinched (see figure 6B) unless

16
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otherwise specified on the drawing (does not apply to modules, DIPs or
pins). For the National Security Agency, leads shall be unclinched
unless otherwise specified or if mechanical support is needed for large
components. .W

d. One or more leads of multileaded components - °,
(DIPs) may be bent (rather than clinched) to the termination area to
retain parts during soldering operations but such bent leads shall W

conform to all requirements applicable to unclinched (straight-through)
leads (see figure 7). Bends shall be limited to approximately 150; for
the National Security Agency, bends shall be limited to 45 and to a
maximum of 4 leads per component.

4.18.13 Tempered leads. Unless otherwise specifically
stipulated on approved engineering drawing, untempered leads that are
smaller than 0.050 inch in diameter shall be clinched when installed in Oak
unsupported holes. Tempered leads (sometimes referred to as pins) and
untempered leads 0.050 inch or greater in diameter or thickness shall
not be bent nor formed for mounting purposes inasmuch as body seals and
connections internal to the component may be damaged thereby. Neither
shall tempered leads be cut with diagonal cutters or other tools which
impart shock to connections internal to the component.

4.18.14 Lead extension. Component leads terminated "straight-
through" shall protrude through the printed wiring board a minimum of
0.020 and a maximum of 0.060 inch (see figure 8), unless otherwise
specified on the drawings. This is an exception to MIL-STD-275.

NOTE: Lead extension shall be identical for
leads mounted in eyelets when such are utilized
(such as in new-built-to-existing-design projects).

4.18.15 Metal cased components. All metal cased components
that lay on conductor wiring shall be insulated.

4.18.16 Insulation clearance. Clearance between the solder
of the connection and the end of either separable or fixed insulation on
the wire in the connection shall be in accordance with DOD-STD-2000-2.

17
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- 5. DETAILED REQUIRaIENTS

5.1 Manual soldering. Manual soldering shall be accomplished
using the facilities, tools and materials specified in paragraphs 4..1
through 4.16.

5.1.1 Preparation of the soldering iron. The soldering
iron tip shall be fully inserted into the heating element casing, which
shall be tightly attached to the handle. The soldering iron shall be

heated and upon reaching a temperature which causes solder to melt, the
tip shall be first tinned with a light coat of solder and then cleaned
by wiping lightly on a clean, moist wiping pad (see 4.16.11). A thin,
bright, tinned surface shall be maintained on the working surface of the
tip to insure proper heat transfer to the connection being soldered.
Oxidation scale shall not be allowed to accumulate on the tip or between
the heating element and the tip.

5.1.2 Use of solder pots. Solder pots may be used for
cleaning and tinning of areas to be soldered. Solder pots shall be
temperature controlled, and, unless otherwise specified, shall be set at
a preselected temperature within the range of 260 to 302 0C (500 to
575°F). Solder purity shall be controlled in accordance with 5.2.2.1.
Immersion time in the solder pot of areas to be soldered shall be less
than 5 seconds.

5.1.3 Use of thermal shunts. Thermal shunts (heat sinks)
shall be used to protect heat sensitive components such as semiconductors,
transistors, ceramic capacitors, crystal devices, and insulating materials .
from damage due to heat, while soldering (see figure 9). Thermal shunts
so utilized shall not otherwise damage the component being soldered.

5.1.4 Heat application. The elements to be soldered shall
be sufficiently heated by the soldering iron tip to cause melting of the
solder and wetting of the surface. Excessive heating time, pressure,
and temperature shall be avoided to prevent unreliable joints or damage
to parts, printed circuitry, insulation, or adjacent components.

5.1.5 Solder application. Except for transfer soldering,
the area to be soldered shall first be properly heated and then the
solder, in accordance with 4.16.1, shall be applied at the junction of L-I
the soldering iron tip and the parts or components being soldered (solder
bridging, figure 10). Precautions shall be taken to prevent any change -

in wire or lead positioning within the solder connection before the
solder has completely solidified. Solder bridging shall be maintained
throughout the soldering process.

5.1.6 Flux application. Flux in accordance with 4.16.2,

shall be utilized for all soldered electrical connections. Liquid flux,

when used, shall be applied in a thin, even coat to those surfaces to be
joined prior to application of heat. Cored solder wire, when used,
shall be placed in such a position that allows the flux to flow and
cover the connection elements as the solder melts.

18
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5.1.7 Cooling. The molten solder shall be cooled at room
temperature only; forced air or liquid material shall not be used to
accelerate solidification.

5.1.8 Bifurcated terminals. The order of preferred terminations
of bifurcated terminals are as follows:

5.1.8.1 .Side route connection. The wire or component lead
shall be dressed through the slot and wrapped to either post of the
terminal (see figure 11). The wire or lead shall be wrapped to the
terminal post a minimum of 180 degrees and a maximum of 270 degrees (1/2
to 3/4 turn). The wire or lead shall be wrapped on the terminal post to
assure positive contact of the wire with at least two corners of the
post. The wire or lead shall also be in firm contact with the base of
the terminal or the previously soldered wire. The number of attachments
shall be limited to three per terminal post and shall be maintained such
that: (a) there is no overlapping of wraps and wires; (b) spacing
between wires and between wires and terminal board or panel is a minimum
consistent with the diameter of the wire insulation; and (c) the wraps
are dressed in alternate directions.

5.1.8.2 Bottom route connection, The wire shall be inserted
through the terminal base and wrapped to either post a minimum of 180
degrees and a maximum of 270 degrees (1/2 to 3/4 turn) (see figure 12).
The wire shall be wrapped on the terminal post to assure positive contact
of the wire with at least two corners of the post. The wire lead shall
also be in firm contact with the base of the terminal or the previously
installed wire. When more than one wire is to be attached, they shall
be inserted at the same time but shall be wrapped separately around
alternate posts.

5.1.8.3 Top route connection. The stripped wire shall be
positioned such that it extends the full length of the terminal forks.
When the ratio of slot size to wire size is greater than 2:1, the wire
may be doubled back (see figure 13) to help hold the wire in position.

5.1.8.4 Continuous run connections. When a series of terminals
are mounted in a row, with the post pairs parallel with all others, and
the term(nals are to be connected each to the other, such interconnection
shall be made in accordance with a, b, c, or d below:

a. Individual solid jumper wires shall be wrapped
between corresponding posts of adjacent terminals in the row (see figure 14).
Individual wraps shall be in accordance with 5.1.8.1.

b. A solid jumper wire shall be wrapped to one
post of the initial terminal in the row and continued from terminal to
terminal with 360 degree wrapping (see figure 15) at the post corresponding
with the first until the last terminal is wrapped. The first and last
wraps shall be in accordance with 5.1.8.1.
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c. A solid jumper wire shall be wrapped to one
post of the initial terminal in the row, dressed through the slot of
each subsequent terminal without wraps, and wrapped to that post of the
last terminal which corresponds with the post of the initial terminal

*- wrapped. The first and last wraps shall be in accordance with 5.1.8.1.
The unwrapped portion of the jumper shall include a curvature for relief
of tension caused by thermal expansion/contraction (see figure 16).

di. If wires are to be attached to a group of
terminals such as on transformers, certain relays, and rotary switches,
the wires shall be neatly arranged around the terminals in such a manner
that they do not cross one another. When a continuous run is more
practicable than would be the application of individual jumpers, intermediate
terminals of a series to be connected with each other shall be joined
with a solid jumper wire threaded through the openings (see figure 17).
The jumper wire shall contact at least two non-adjacent contact surfaces
of each intermediate terminal.

5.1.9 Hook terminals. The bend to attach wires and leads
to hook terminals shall be 180 to 270 degrees (1/2 to 3/4 turn). Insulation
clearance shall be as specified in 4.18.16 and the maximum wire fill
shall not exceed the end of the hooks (see figure 18). Not more than
three conductors shall be permitted. For size 30 or smaller wire, a
maximum terminal wrap of 3 turns may be used. In no case shall wires be
wrapped on each other.

5.1.10 Pierced or perforated terminals. For wiring to a
single terminal, the wire must pass through the eye and shall be wrapped
around the terminal 180 to 270 degrees (1/2 to 3/4 turn), as applicable
(see figure 19). Insulation clearance shall be in accordance with
DOD-STD-2000-2.

5.1.11 Turret terminals. The bend to attach a wire or lead
to a turret terminal shall be not less than 180 degrees (1/2 turn) and
no more than 270 degrees (3/4 turn) (see figure 20). Not more than
three conductors for each section shall be permitted. The first wire
shall be attached to the base and vertical post in the lower section or
the shoulder and vertical post in the upper section. Additional wires
shall be attached as close as possible to the preceding wire. When
practicable, except for bus wire, conductors shall be placed in ascending
order so that the largest wires are on the bottom. Each wire shall be
in contact with the terminal for the full curvature of the wrap. The
side route shall be used on all solid-post, turret-type terminals.

5.1.12 Cup and hollow cylindrical type terminals. Solder
cup terminals shall be cleaned and pretinned/pre-filled prior to insertion
of the wire. Use sufficient solder to fill the cup or receptacle when

the wire is inserted. Sufficient heat shall be applied during filling
of the cup to assure that all of the flux has risen and is not trapped

* at the cup bottom. No more than three (3) wires shall be installed in
* the cup, and in no instance shall the lay of the strands of any wire be

disturbed, nor shall strands be removed to permit multiple wire insertion.
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After filling, the wire(s) shall be inserted straight into the cup (see
figure 21), touching the terminal (along the back side for scoop-cut
cups) for its full length until it strikes the bottom of the cup.

Continuous soldering iron control shall be maintained throughout the

soldering operation.

The solder should rise slightly above the top of the cup and follow the

contour of the cup eqtry slot. The contour of the wire shall not be

obscured at the termination end of the insulation. Solder should not

spill over and adhere to the sides of the terminal. Excess solder that

spills over the terminal or from a weep hole shall be removed, such that

the solder remaining on the outside of the solder cup is only in the

form of a thin film.
5.1.13 Termination of shielded wires. Termination of

shielded wires shall be as specified by the engineering drawing.

5.2 Automated soldering systems.

5.2.1 Machine soldering. Machine soldering shall be %
accomplished using any integral system (see 4.12) which also incorporates:

(1) temperature-controlled preheating and soldering stages (see 5.2.2.8
and 5.2.2.9, respectively); (2) an automatic fluxing stage (see 5.2.2.7);

(3) a cooling stage (see 5.2.2.10); and (4) a speed-controlled conveyor

stage per 5.2.2.5. Components shall be constrained by lead configuration

or by devices or materials in accordance with 5.2.2.3 to assure that the
leads do not move during the flux-preheat-solder-cool cycle.

5.2.1.1 Machine maintenance. Machines incident to the

automated soldering process shall be maintained such as to assure capability

and efficiency commensurate with design parameters established by the
original equipment manufacturer.

5.2.2 Solder bath. The solder bath shall be set to a

preselected temperature (T) between 2490 and 271
0 C (4800 and 5200 F).

The temperature and the time of contact between the printed wiring

assembly and the solder shall be dependent upon such factors as preheating,

thickness of board, number of contacts or conductors, and the type of

parts. The period of exposure of any printed wiring assembly to a

solder bath shall be limited to a duration which will not cause damage
to the board or parts mounted thereon. In no case shall the temperature

or length of time be such as to cause damage to sensitive parts. The

solder bath shall be periodically analyzed to insure that contamination

levels do not exceed the limits specified in Table I.

5.2.2.1 Maintenance of solder puritv. To maintain the

proper purity of solder, the following procedures shall be adhered to in

machine soldering of printed wiring assemblies:
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a. Before the start of soldering operations, dross
shall be removed from the solder bath surface. Dross shall be periodically
removed from the solder bath to assure that dross does not mix with the
liquid solder. Automatic or manual methods are acceptable provided that
dross does not come in contact with the printed wiring assembly during
any portion of the soldering process. eo

.b.. The solder utilized within the machine soldering
system shall be maintained to assure that contaminants do not exceed the
percentages specified in Table I.

c. Solder in solder baths shall be chemically or
spectrographically analyzed or renewed at the testing frequency levels
shown in Table I, column B. These intervals may be lengthened to the 8
hour operating days shown in column C when the results of analysis
provide definite indications that such action will not adversely affect

* the purity of the solder bath. If contamination exceeds the limits of
Table I, intervals between analyses or replacement shall be shortened to
those 8-hour operating days shown in column A, or less, until continued

, purity has been assured by analysis. Records containing the results of
all analyses and solder bath usage shall be readily available for review
by the procuring activity.

5.2.2.2 Masking. Areas of printed wiring boards not to be
soldered (including plated-through holes in which leads or wires are to *

be later inserted and soldered) shall be masked prior to the application
of solder flux. The maskant materials used shall not cause fire or
create fire or health hazards (see 4.16.12).

5.2.2.3 Holding fixtures and materials. Devices or materials
used to retain components and parts to the printed wiring board through
preheat, fluxing, soldering, and cooling stages shall not contaminate,
mar, or otherwise damage or degrade printed wiring boards, parts, or
components. The devices or materials shall not only be adequate to

* maintain positioning but shall permit solder flow through plated-through
holes and complete coverage of terminal areas on the component side of
the printed wiring board. If used, skin packaging should be vented to
assure hole fill and terminal area coverage.

5.2.2.4 Carriers. Devices used for the transport of printed

wiring assemblies through preheat, fluxing, soldering, and cooling
stages shall be in accordance with 4.13.

5.2.2.5 Conveying. Preloaded and precleaned printed wiring
assemblies shall be transported through the fluxer and preheater to the
solder bath and on through the cooling stage at a rate preselected to

* assure compliance with 5.2.2.9. The speed shall not vary more than 1
inch (25.4 urn) per minute. Imersion time of terminations in the molten
solder wave shall not exceed 5 seconds.

*: 22
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" 5.2.2.6 Lead trimming. Leads may be trimmed provided the
cutters used are such to impart no physical shock to the components and
the leads are cut square with no spikes, peaks, or drag. Trimming may
be accomplished prior to or after exposure to the solder bath. When
leads are cut after the soldering operation, reflow is required.

5.2.2.7 Fluxing. Flux shall be applied by the dip, spray
brush, wave, foam, or. other method which will produce an even coated
surface. Any thinner used shall be a product of the flux manufacturer,
which the manufacturer recommends for the particular flux, or shall be a

* Government approved substitute.

5.2.2.8 Preheating. Printed wiring assemblies shall be
preheated to a temperature compatible with the flux, conveyor speed,
solder temperature, and time of board contact with the solder bath (to
remove volatile solvents, to improve solder flow and wetting, and to
reduce temperature shock).

5.2.2.9 Solder application. Solder shall be applied to the
printed wiring assembly through machine contact with a solder bath (or
wave) compatible with the type of soldering machine being used. The
time of contact between the printed wiring assembly and solder shall be
preselected, dependent upon preheating, thickness of board, number of
connections and conductors, and the type of components. The temperature
of the solder at the point of contact with the surface of the printed
wiring assembly shall be the preselected temperature (T) +10°F (see
5.2.2). The height of the wave (or depth of immersion for systems designed
for board float) shall be maintained to assure effective contact and a
solder pressure sufficient for hole fill and solder spread to terminal
areas on the component side of the printed wiring assembly. The assembly/solder
time at temperature shall be such to preclude damage to heat-sensitive
components.

5.2.2.10 Cooling. The printed wiring assembly shall be
retained on the conveyor until the solder has solidified. There shall

be no forced cooling.

5.2.2.11 Interface holes. Double-sided printed wiring boards,
with plated-through holes for interfacial connections, shall have a
continuous plug of solder from one side of the board to the other (see
figure 22A), or have a solid, tinned, copper feed-through lead through
the holes. The solder plug shall fill the plated-through hole, completely
wetting the walls 360 degrees around the periphery of the hole and
extending a minimum of 0.005 inch outward from the hole. The solder in
the hole may be depressed on both sides of the printed wiring board but
the depression shall not exceed 25 percent (25%) of the hole depth
measured at the terminal area. Plated-through holes, with leads, shall
have a maximum depression of 25 percent of the board thickness on the
component side of the board.

23
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Unplated-through hole interfacial connections shall be made by the use *

of uninsulated, solid, tinned copper wire (Z-wire) extending through the
hole and clinched (see figure 22B). The lead shall make contact with
the conductor pattern (foil) on each side of the printed wiring board
and the ends shall not extend beyond the end of the terminal area or its
electrically connected conductor pattern.

5.2.3 .glanar (Reflow) soldering.

5.2.3.1 Solder application. Solder shall be deposited or
plated on both metal surfaces to be joined prior to positioning the
components in place.

5.2.3.2 Solder thickness. The thickness of the solder
coating on component leads or ribbon conductors plus the solder thickness
on the termination area shall be 0.0381 mm to 0.0889 mm (0.0015 to
0.0035 inches). The coating shall extend from the end of the flat pack
lead up to and including the radius of the heel bend but shall not
extend past the radius of the knee bend (see figure 23).

5.2.3.3 Flux application. Prior to the soldering process, a
thin uniform coating of flux shall be applied to the pad surfaces or
joint area where the component leads are to be soldered.

5.2.3.4 Component positioning. The component shall be
positioned such that the body is centered between terminal areas (see
figure 24). Mounting shall be in accordance with DOD-STD-2000-3. p

5.2.3.5 Soldering. The leads to be soldered shall be heated
to the flow temperature of the solder. The application of heat shall be
controlled during the soldering operation to prevent damage to the
assembly (e.g., base material, adjacent connections, electrical components).
The surfaces being soldered shall be restrained to preclude movement

relative to the terminal area as solder is solidifying.

5.2.4 Condensation (Vapor Phase) reflow. The condensation
(Vapor Phase) reflow soldering method is generally used for back planes
and connector reflow soldering. Prior to using this method for component
soldering, supportive information that no damage will occur to the
components shall be submitted to the procuring activity. The condensation
reflow system shall be mechanized to provide for smooth transition of
the work piece, control of temperature, level of vapors and dwell-time.
There shall be a smooth transition out of the vapors after completion of
the soldering operation to prevent disturbed solder connections prior to

solidification.

5.2.5 Machine controls. The contractor shall have operating
procedures describing the soldering process and the proper operation of

the automatic soldering machine and associated equipment. For the
soldering machine, these procedures, as a minimum, shall define the
preheat temperature, solder temperature, rate of travel, frequency of
temperature verification measurements and frequency of solder bath
analysis. If any of the above mentioned characteristics must be adjusted
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for different printed wiring assemblies, the procedure shall identify by
printed wiring assembly, drawing number, or other positive identification
means, the setting to be utilized.

5.3 Post soldering operations.

5.3.1 Rework of unsatisfactory solder connections.
" Nonconforming solder.connections shall not be reworked until inspection

personnel have recorded each discrepancy. This information shall be
used to provide corrective action to reduce future rework.

5.3.1.1 Reheat method of rework. Solder connections shall
not be reheated more than once during rework. The reheating and addition
of flux and solder, if required, may be used to correct the following
defects:

a. Rosin solder connections.

b. Cold solder connections.

c. Fractured (disturbed) solder connections.

d. Solder points, peaks, or icicles.

e. Unsoldered connections.

f. Insufficient solder.

g. Pin holes.

5.3.1.2 Resolder method of rework. Defective solder connections
which cannot be corrected in accordance with 5.3.1.1 shall be reworked
by removing the solder with a vacuum device or by wicking. After the
solder has been removed, the connection shall be cleaned and the defect
corrected. All connections shall be cooled to room temperature before
reapplying heat. Soldered joints reworked to correct deficiencies must
meet the requirements of this specification.

5.3.2 Cleaning. Solvents or combinations of solvents (see
4.15.3) shall be used to remove all residual flux and other contaminants
as soon as practicable but not later than one (1) hour after solidification
of the solder connection. When activated fluxes are used, the printed
wiring assembly shall be cleaned immediately upon completion of the
soldering operation and in such a manner to prevent damage to the printed
wiring assembly or components mounted thereon. The use of ultrasonic
cleaning devices on printed wiring assemblies is prohibited. Acceptable
cleaning methods are provided in DOD-HDBK-2000-X.

5.3.3 Cleanliness testing. After cleaning, in accordance
with 5.3.2, the printed wiring assemblies shall be subjected to a cleanliness
test before the end of the production shift. The methods of measuring
the resistivity of solvent extract (greater than 2,000,000 ohm-centimeter)
or the salt ecuivalent ionic contamination (less than 10.06 micrograms
per square inch) are provided in DOD-HDBK-2000-X.
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5.4 Certification of personnel.

5.4.1 Certification. Certification as to the ability of
personnel to meet the requirements of this standard shall be made available
to the procuring activity. Personnel shall be certified, in accordance
with the requirements specified herein, prior to performing or inspection
of soldering on engineering or experimental models, prototype models, or
deliverable articleg Each individual's certification card shall be on
his person or visibly displayed at his work station.

5.4.2 Visual acuity. All candidates for certification in

any category (see 5.4.4) shall meet the following vision requirements:

a. Far vision: Snellen chart 20/50, or better.

b. Near vision: Jaeger 1 or 0.50 meter at 14
inches or better.

c. Color perception: Normal as determined by
means of standard color plates.

d. Depth perception: Normal binocular vision for
fine, close work as determined by standard testing methods.

All personnel certified to this standard shall be given an eye test
annually by an accredited eye examiner to determine their ability to
meet these vision requirements. Use of prescription lenses to meet the
vision requirements is permissible. When such lenses are required, the
certification card shall so state and such lenses shall be used whenever
soldering or inspection is being performed. Failure to meet any of
these requirements shall disqualify a candidate for training and certification
or shall result in revocation of any certification previously granted.

5.4.3 Achievement of certified status. To be certified in
categories A, B, and C, personnel shall attend and successfully complete
an 80 hour formal training program at a Government approved school, as
specified by the procuring activity. To be certified in categories D
and E, personnel shall attend and successfully complete a 40 hour formal
training program conducted by a category C instructor/examiner. To be
certified in category F and G, Government personnel must attend a special
course at an approved school (see 5.4.7.4).

5.4.4 Certificate categories. Certificates shall be
issued in the following eight categories: Government personnel, (categories
A and B), and contractor personnel, (category C), shall be certified by
an approved school; contractor personnel, (categories D, E, and R),
shall be certified by the contractor; Government personnel, (categories
F and G), shall be certified under the cognizance of an approved school.
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5.4.4.1 Category A - senior examiner.

5.4.4.1.1 Government personnel. Category A senior examiners OW

shall be Government personnel who are actively involved in research and
development of soldering methods, techniques, and standards and have

been certified by a Government approved school. Currency shall be

maintained and shall be reviewed on an annual basis.

5.4.4.1.2 Category A authority. Category A personnel are
authorized to train, or to require recertification of personnel of all
other categories. Category A personnel are also authorized to monitor
soldering processes, workmanship, training programs and facilities for
conformance to this standard.

5.4.4.2 Category B - Government instructor/examiner.

5.4.4.2.1 Category B Government personnel. Category B personnel
shall be Government personnel who have been certified after satisfactory
completion of an 80 hour soldering course conducted in accordance with

5.4.7.4.

5.4.4.2.2 Category B authority. Category B personnel are
authorized to require recertification of personnel of categories C, D,

E, R, F, and G, to inspect contractor soldering processes and workmanship
for conformance to this standard and to perform soldering operations and
inspections at Government facilities for conformance with this standard.

5.4.4.2.3 Category B training authority. Category B personnel 19
are authorized to train other Government personnel, (category F and G),
to this standard. To perform this training, the same requirements which
are imposed on the contractor, must be met (see 5.4.4.2.2). This authority
is granted by the procuring activity after review and acceptance of the
training program plan facilities.

5.4.4.3 Category C - instructor/examiner.

5.4.4.3.1 Category C contractor personnel. Category C personnel
shall be contractor personnel certified after satisfactory completion of

an 80 hour soldering course (see 5.4.7.4). Category C personnel certification
and performance shall be reviewed on an annual basis.

5.4.4.3.2 Category C authority. Category C personnel are
authorized to train or require recertification of personnel of categories
D, E, and R; to monitor soldering processes and workmanship for compliance
to this standard; to perform inspections for conformance with this

standard; and to determine the operations or procedures that are appropriate

-. for a category R inspector or operator.
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5.4.4.4 Category D - inspector.

5.4.4.4.1 Category D contractor Personnel. Category D personnel I
shall be certified by the contractor after satisfactory completion of a

40 hour soldering course conducted by a certified category C instructor/
examiner.

5.4.4.4.2 .Category D authority. Category D personnel are
authorized to perform inspections for conformance with this standard.

5.4.4.5 Category E - operator.

5.4.4.5.1 Category E contractor personnel. Category E personnel
shall be certified by the contractor after satisfactory completion of a
40 hour soldering course conducted by a certified category C instructor/
examiner.

5.4.4.5.2 Category E authority. Category E personnel are
authorized to perform soldering operations in conformance with this
standard.

5.4.4.6 Category R - restricted operator/inspector.

5.4.4.6.1 Category R contractor personnel. Category R personnel
shall be selected by the contractor for performance of a limited number

of operations or procedures. The training program shall, as a minimum,
include the operations or procedures for which the category R personnel
are to be certified. Functions or operations using a category R operator
or inspector at the contractor facility require prior approval of the
procuring activity. Similar operations conducted by a subcontractor
requires approval of the prime contractor and is subject to review by
category A or B personnel in accordance with 5.4.4.1.2 and 5.4.4.2.2.

5.4.4.7 Category F - Government inspector

5.4.4.7.1 Category F Government personnel. Category F personnel
shall be certified by the Government after satisfactory completion of a
40 hour soldering course with prime emphasis on inspection criteria
conducted by a certified category B instructor/examiner.

5.4.4.7.2 Category F authority. Category F personnel are
authorized to perform inspections for conformance with this standard.

5.4.4.8 Category G - Government operator.

5.4.4.8.1 Category G Government personnel. Category G personnel
shall be certified by the Government after satisfactory completion of a
40 hour soldering course conducted by a certified category B instructor/
examiner.

28



DOD-STD-2000-1

5.4.4.8.2 Category G authority. Category G personnel are

authorized to perform operations in conformance with this standard.

5.4.5 Contractor training program.

5.4.5.1 General. The contractor shall establish and maintain
an effective written training program to qualify, certify and recertify
all personnel perform ing operations applicable to this standard under
the cognizant procuring activity contracts and shall include subcontracts,
interplant work orders, and purchase orders. The program shall provide
for training using the methods, equipment and materials described in
this standard. Upon satisfactory demonstration of proficiency, personnel
shall be issued a coiutractor certificate. The contractor shall prepare
and maintain records of personnel training and performance.

5.4.5.2 Training records. The contractor's training records
shall be maintained for the term of the contract and shall include, for
each trainee during the time of his/her certification, the following:

a. Trainee-fabricated test specimen depicting
satisfactory conformance to the applicable requirements of this standard.

b. Graded copies of written tests.

c. Employer, plant division, and location of
employment.

d. Certification category.

e. Date of certification or recertification.

f. Records of latest visual acuity examination.

5.4.5.3 Program evaluation. The training program is subject
to review by a category A senior examiner to assure that the program is
compatible with this standard. The category A senior examiner reserves
the right to disapprove the training program at any time the objectives
of this standard are not being met.

° ..-

5.4.5.4 Government training program. The training program
for Government personnel shall, as a minimum, meet the criteria detailed
in 5.4.5.1.

5.4.6 Maintenance of certified status.

5.4.6.1 General. Based on a quality audit, review of inspection
data, or observation of quality of articles fabricated, soldering personnel

involved may be required to either demonstrate proficiency or be retrained

in the category concerned and be recertified (see 5.4.7). e...
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5.4.6.2 Continuous performance evaluation. Category D, E,
F, and G personnel shall be subjected to a continuous performance evaluation
as specified in 5.4.7.2.

5.4.7 Recertification.

5.4.7.1 Requirements. Recertification shall be required
under the following. ircumstances: W,

a. Proficiency requirements herein are not met.

b. New techniques have been developed which require
new skills.

c. Certificate holder changes employment.

d. There is a reason to question proficiency or
workmanship.

e. Work period interruptions exceed 90 days (categories
B, C, D, E, R, F and G).

f. Twelve months after last certification.

5.4.7.2 Procedures. The recertification procedure shall be
as follows:

a. Category B and C personnel shall annually
demonstrate proficiency to a category A senior examiner, and failing to
demonstrate proficiency shall be required, prior to further performance,
to attend a recertification course. Personnel passing the recertification
course shall be recertified.

b. When 5.4.7.1b applies, category B and C personnel
shall be recertified after attending a recertification course, and
demonstrating proficiency in new techniques.

c. Category D, E and R personnel shall be recertified
as specified by category A, B, or C personnel and category F and G by
category B personnel.

5.4.7.3 Revocation of certified status. Certifications
issued by the contractor shall be revoked when the:

a. Certificate holder fails to be recertified whenrequired.

b. Contractor training program fails to meet the
objectives of this standard.
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C. Certificate holder leaves employment of the
contractor for which certificate was originally issued. r

d. Certificate holder fails to meet visual acuity

requirements.

e. Quality of work has deteriorated as determined
by a category A, B,.or C instructor/examiner.

5.4.7.4 Certification resources. Certification of personnel
to meet the requirements of this standard shall be accomplished by a
Government approved school as designated by the procuring activity.

Typical schools: US Navy - Naval Weapons Center
China Lake, CA

Naval Avionics Center
Indianapolis, IN

US Army - U.S. Army locations of approved
Government schools can be
obtained from the procuring agency.

6. SUPERSESSION DATA

This standard is one of a series of documents which, as a composite,
covers the entire soldering process and will supersede the documents
listed below. The listed documents may remain in effect until DOD-STD- .,
2000-2, Acceptance Criteria for High Quality/High Reliability Soldering,
and DOD-STD-2000-3, Mounting Requirements, are approved for use.

MIL-STD-1460 Soldering of Electrical Connections and Printed "-.'
Wiring Assemblies.

MIL-S-45743 Soldering, Manual Type, High Reliability,
Electrical and Electronic Equipment.

MIL-S-46844C Solder Bath Soldering of Printed Wiring Assemblies.

MIL-S-46860B Soldering of Metallic Ribbon Lead Materials to
Solder Coated Terminals, Process for Reflow.

MIL-S-50826B Soft Soldering Electrical Connections for

Special Weapons Items.

MIL-S-50827A Soft Soldering Electrical Connections for

Conventional Weapon Items.

WS-6536 Process Specification Procedures and Requirements
for Preparation and Soldering of Electrical

Connections.
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WS-4554 Wave Soldering of Printed Wiring Assemblies,
Automatic Machine type

NSA 756 High Reliability Manual Soldering of Electrical
Connections.

NSA 757 Automatic Machine Flow Soldering of High Reliability
COMSEC Printed Wiring Assemblies.

Custodian: Preparing Activity:
Air Force-li Navy - AS
Army - MI Project No. SOLD-0001
Navy -AS
NSA -NS

* Reviewers:
AF - 15, 17, 19, 99
Army - AR, CR, ER, MR

* Navy - EC, OS
*DLA-ES

Users:
Army AV
DLA -DH
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DOD-S TD- 2000-1

RESISTANCE

FiGLTRE 1. Typical thermal stripper (see 4.11.2.1).

FIGURE 2. M-echanical hand wire stripper (see 4.11.2.2).
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FIGURE 3. Typical exarnoles of stress relief (see -. I3.6).
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A.

FIGURE 5. Clinched lead termination (see 4 .18.12,.a & b).

A.

B.

FIGURE 6~. Plated-through hole lead termination (see .. 1..
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DIP

,;s

NOTE' LEAD BENDS LIMITED TO 450

FOR NSA USAGE

FIGURE 7. Lead bends for multileaded components (see 4.18.12.d).
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U LEAD

-0COMPONENT

BOARD

0.02d' MIN
TO
O.06d'MAX

FIGURE 8. Straight through lead extension (see 4.18.14).

HEAT SINK

COMPONENT

FIGURE 9. Heat sink (thermal shunt) (see 5.1.3). 4
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* 0SOLDER
INITIAL BRIDGING

BEING FORMED

I /..- "FFORMING HEAT BRIDGE

A. FLUX SOLUTION LYING ABOVE
N OXIDIZED METAL SURFACE.

B. BOILING FLUX SOLUTION REMOVING
THE FILM OF OXIDE.

C. BARE METAL IN CONTACT WITH

'MOL -E' FUSED FLUX.

- o.- ODER] 0. LIQUID SOLDER REPLACING
?L_ FUSED FLUX.

E. TIN REACTING WITH THE BASIS
JD METAL TO FORM A NEW ALLOY.

/ -F. SOLDER BRIDGING

NOTE:

SOLDERING IRON TIP SHOWN NOT
TOUCHING BASIS METAL FOR CLARITY.

.9..

FIGURE 10. Solder application and bridging (see 5.1.5).
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SINGLE WIRE
WRAP

MULTIPLE WIRE WRAP

TERMINAL FLANGE

TERMINAL POST

1800 WRAP

' , -2700 WRAP

LEAD

FIGURE 11. Side route connections and wrap on bifurcated terminal (see 5.1.8.1).
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*FIGURE 14. Individual wrap; bifurcated terminals (see 5.1.8.4.a).

FIGURE 15. Continuous run wrapping: bifurcated terminals (see 5.1.8.4.b).
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k

FIGURE 16. Continuous run urrapping: bifurcated terminals,
alternate procedure (see 5.1.8.4.c).

Z7

FIGU'RE 17. Continuous run weaving: perforated terminals (see 5.1.8.4.d).
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BEND'
- 1800 TO 2700

SINGLE WIRE DOUBLE WIRE

FIGURE 18. Hook terminal connections (see 5.1.9).

BEND0
18O00rO2700

FIGURE 19. Pierced termin.al wire -wran (qee 3. 1. 10'.
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UPPER POST SECTION

TOP SHOULDER

LOWER POST SECTION

BASE

TERMINAL POST

00 1800= 1/2 TURN
MINI MUM

2700:3/4 TURN ACCEPTABLE____

MAXIMUMRAG

FIGURE 20. Turret terminal wire-wran (see 5.1.11).
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WEEP HOLE

A.1 I

SINGLE WIRE FILL MULTIPLE WIRE FILL

FIGURE 21. Cup-tvoe terminals (see 5.1.12).-
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r-

-BASE MATERIAL SLIR r25 %/ MAX

FCIL- -PLATED- -. OMN5% X
ON-METAL

MINIMUM ACCEPTABLE SOLDER PLUG

BASEPLATED-ON -METAL

TYPICAL SOLDER PLUG

A

BEFORE SOLDERING AFTER SOLDERING

B

FIGURE 22. Interfacial hole connections (see 5.2.2.11).

48



DOD-STD-2000-1

A -Acceptable: Extends past first radius
B - Minimum Acceptable: Tinning extends to second radius
C - Reject: Solder extends past second radius
D - All leads are formed to prevent stress after soldering

"1%

F . -.. . . .'..s s 5 3 2
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